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Section 1 - Introduction
1.01. General

The genesis of the System Configuration Study (SCS) was in response to the
Northwest Power Planning Council's (NPPC) Fish and Wildlife Program Amendments
(Phase Two), issued in December 1991. The SSCS is assessing various possible
alternatives for improving conditions for anadromous fish migration through the eight
mainstem projects of the lower Columbia and Snake Rivers. The study is being
conducted in two phases. Phase | is a reconnaissance-level assessment of the various
alternatives. The alternatives that display the most potential for benefiting anadromous
fish will be carried into Phase Il, where detailed studies will be conducted and a plan of
action will be identified.

Phase | provides a preliminary assessment of the costs, environmental
opportunities, economic effects, and implementation schedules associated with the
various alternatives under study. This preliminary report has been submitted to the U.S.
Army Corps of Engineers (Corps) in Washington D.C., various state and Federal
agencies, NPPC, and other regional interests for review and comment. A decision to
continue these studies will be based on recommendations made by the Corps, as well
as input received from regional interests. The more detailed Phase Il studies and
resulting report may be used for Congressional authorization and subsequent funding
for the implementation of those specific alternatives that have received regional and
Federal support. A general discussion of the major steps of the Corps study, review,
and authorization process is provided in Section 1.06.

In November 1992, an interim report on SCS was distributed in the region.
That report provided a status on the Phase | studies, and met the reporting date
established by NPPC. This draft report represents the culmination of the Phase |
process, subject to regional review.

The Phase | draft report consists of this main document and following appendixes:

A. Lower Snake River Drawdown Technical Report.
John Day Operation at Minimum Operating - Technical Report.
Additional Snake River Storage - Technical Report.
Anadromous Fish Collection and Conveyance - Technical Report.
System Improvements Technical Report - Snake River and McNary.

System Improvements Technical Report - Lower Columbia River.

G mmo o W

Biological Plan - Lower Snake River Drawdown.



1.02. Authority

The SCS is an element of the Columbia River Salmon Mitigation Analysis
(CRSMA). The System Configuration component of the CRSMA is being conducted
under the existing authorities for the eight projects on the lower Columbia and lower
Snake Rivers. For the Bonneville Project, that authority is the Rivers and Harbors Act of
1935, Public Law 74-409, dated August 30, 1935. For the John Day and The Dalles
Projects, the authority is the Rivers and Harbors Act of 1950, Public Law 81-516, dated
May 17, 1950. For all other projects, the authority is the Rivers and Harbors Act of 1945,
Public Law 79-14, dated March 2, 1945.

1.03. The Corps of Engineers Involvement in Salmon Recovery

The Columbia River Juvenile Fish Mitigation Program provides mitigation for
the impact that Corps dams have had on migrating juvenile salmon and steelhead. This
program includes construction of new or improved facilities for protecting and bypassing
juvenile fish at the eight mainstem dams. Additional mitigation measures are being
considered as a result of NPPC's regional efforts for rebuilding upriver salmon stocks,
and the National Marine Fisheries Service (NMFS) listing of Snake River salmon as
threatened/endangered. The Mitigation Analysis began in 1991, and will provide a
regionally-coordinated scope for Corps of Engineers actions in the furtherance of both
regional and NMFS recovery plans.

The Corps has four primary functions in assisting regional efforts to rebuild
Columbia River salmon populations: 1) providing river operations at the dams and
reservoirs to minimize adverse effects on adult and juvenile fish passage through the
system; 2) operating the juvenile fish transportation program; 3) constructing and
operating improved facilities for juvenile and adult passage at Columbia and Snake
River dams (e.g., powerhouse fish screens and juvenile bypasses); and 4) providing the
region with technical and engineering information relating to hydrosystem operational
and structural options. The CRSMA and SCS are efforts to provide the best available
scientific and technical information on regionally-proposed measures for hydrosystem
passage improvements. The Corps' Fish Passage Development and Evaluation
Program (FPDEP) is another area where the Corps is providing engineering and
technical assistance to the regional effort.



1.04. Purpose of the SCS.

There are many factors affecting the decline of the anadromous fishery within
the Columbia River Basin. These factors include: 1) overharvesting; 2) loss of habitat; 3)
hatchery operation; and 4) migration-related problems associated with dams and
reservoirs and other human-related problems (water quality, irrigation, urbanization,
etc.). These factors are discussed further in Section 3.04. The purpose of Phase | is to
screen structural measures that can increase the survival of juvenile and adult
anadromous fish as they migrate through the eight Federal projects on the lower Snake
and lower Columbia Rivers, while still allowing for the continued operation of Federal
and non-Federal facilities on the projects. The SCS Phase | defines and evaluates
potential long-term actions for further development in the more detailed Phase I
studies. The Phase | study addresses the following objectives:

Identify and define alternatives to improve the survival of juvenile and
adult anadromous fish through the lower Snake and Columbia Rivers,
from the confluence of the Snake and Clearwater Rivers to below
Bonneville Dam.

Compare the impacts, costs, and biological benefits of the various
alternatives.

Meet the November 1992 target date for interim measures established by
NPPC (Phase | Interim Report).

Provide information for the Columbia River System Operation Review
(SOR) draft Environmental Impact Statement (EIS).

Develop a document that can be presented to the various agencies and
the region for review and comment. However, the Corps will have the final
approval of this document, in consultation with the region.

1.05. Scope of the SCS.
a. Study Area.

The SCS addresses potential modifications to both Federal and non-
Federal facilities on the lower Snake and lower Columbia Rivers (see figure 1-1). This
area extends from the upper end of the Lower Granite reservoir (above Lewiston, Idaho,
and Clarkston, Washington) to the estuary below Bonneville Dam (near Portland,
Oregon). Sites in the Snake River Basin above Lewiston and Clarkston will be
evaluated for potential flow augmentation storage (reservoirs) and juvenile salmon
collection. Hatchery facilities above Lewiston and Clarkston are also evaluated for
possible improvements.
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Figure 1-1. Study Area

b. Level of Detail.

The level of detail for most analyses was reconnaissance-level, unless
otherwise noted. Appraisal- (sub-reconnaissance) and feasibility- (post-reconnaissance)
level analyses were conducted for some alternatives, based on the levels of available
information and the uniqueness of any particular alternative.

C. Types of Studies.

The Phase | study focused on the engineering aspects (particularly
design and cost estimates) of constructing the various alternatives, as well as their
continued operation. Also, analysis of the impacts to fisheries (anadromous and
resident), and other aquatic and terrestrial ecology resources and habitats were
conducted to estimate potential positive and negative impacts of the design,
construction, and operation of each alternative. Impacts to economic and cultural
resources were also assessed, and potential mitigation opportunities were identified. In
cases where there is not enough time to fully evaluate impacts and mitigation
opportunities, significant potential problems were identified for future study. Reservoir
operation/regulation, and biological effectiveness studies were also performed.
Hydropower, and other economic effects, were evaluated. Cost effectiveness in
producing anadromous fish outputs was the measure of economic performance.



d. Biological Drawdown Test.

On April 6, 1993, the National Marine Fisheries Service and the Corps
announced their plan to study the potential for conducting a biological drawdown test on
the lower Snake River. The objective of such a test is to gather scientific data to help in
deciding whether drawdown operation of lower Snake River reservoirs is an effective
means of increasing juvenile salmon survival. Provided an appropriate test can be
designed and useful information gained at acceptable cost, National Marine Fisheries
Service and the Corps consider biological testing of drawdown an essential element in
evaluating the use of drawdown. Drawdown testing is an integral part of the SCS and, if
carried out, will support the evaluation of drawdown in the SCS Phase Il studies.

In 1992, the Corps conducted a 1-month, two-reservoir drawdown test
to gather information on the physical effects of drawdown. This test was conducted in
March, since few fish are migrating during that period, to minimize the impacts of a
drawdown on anadromous fish migration. The next step is a drawdown test when
salmon are present, so that biological effects can be measured.

Currently, the two agencies are working with regional experts to
design a test. The timing, duration, location, and type of test is dependent on a number
of factors. One is the need for sufficient baseline data against which to measure test
results. To effectively measure whether survival of juveniles through the system
improves during a drawdown, biologists would first need to determine juvenile survival
under normal operating conditions. The National Marine Fisheries Service researchers
are presently conducting field studies to measure the survival of juvenile salmon in the
lower Snake River. Survival data acquired in the 1993 pilot phase of the research, as
well as in 1994 and future years, could have a significant bearing on the design and
viability of biological drawdown tests under consideration.

Other factors that are critical to decisions regarding test
implementation include engineering and biological effectiveness in providing juvenile
passage during the tests, costs, and other environmental effects. The Corps and
National Marine Fisheries Service are preparing an Environmental Impact Statement
(EIS) concerning the biological test options. A draft EIS is expected to be distributed for
public review in April 1994.

1.06. Other Related Studies and Processes

This paragraph contains brief descriptions of related programs and studies
that focus specifically on the coordinated Columbia River System.

a. Columbia River SOR.

The Columbia River SOR is a study undertaken jointly by the Corps,
Bonneville Power Administration (BPA), and the United States Bureau of Reclamation
(BOR). It is a comprehensive study intended to coordinate the long-term operation of
Federal water resource projects in the Columbia River Basin. Within the Corps, project
management is led by North Pacific Division, with technical assignments designated to



the Walla Walla, Portland, and Seattle Districts. Cooperating agencies include NMFS,
the United States Fish and Wildlife Service (USFWS), the National Park Service, and
the United States Forest Service (USFS). One of the key goals of the SOR is to
establish guidelines for the agencies to follow in operating the coordinated Columbia
River System. The SOR takes into account impacts on all river users, including
anadromous fish, power, recreation, resident fish, irrigation, and navigation. It will also
provide National Environmental Protection Act (NEPA) documentation to review the
Pacific Northwest Coordination Agreement and the Canadian Entitlement Allocation
Agreements. The Pacific Northwest Coordination Agreement is a contract that sets the
terms for coordinated operation of the river system for power production, while the
Canadian Entitlement Allocation Agreements provide for United States utilities to deliver
a certain amount of energy to Canada as a result of the Columbia River Treaty.

The SCS is related to the SOR, but is a separate study. The SCS is
evaluating physical or configuration modifications to the Federal hydropower system,
while the SOR is investigating potential operational changes to the same system. Some
of the operational changes being investigated under the SOR would require physical
modifications of existing projects (dams, etc. and/or new construction. These changes
are addressed in the SCS. Therefore, SCS studies have been coordinated with the
SOR.

The SOR is scheduled to release a draft EIS in mid-1994. Preliminary
operational and impact analyses of lower Snake River and John Day Reservoir
drawdown alternatives conducted in the SOR -provide some of the analysis reflected in
the SCS. Hydroregulation studies, environmental impacts and economic effects are
areas of united analysis between the SOR and the SCS. Drawdown effects on
anadromous fish survival is a key area of common analysis. Some of the anadromous
fish evaluations are continuing in the SOR, most notably the analysis of the effects of
the juvenile fish transportation program and its relationship to river operation
alternatives to improve juvenile survival.

b. The NPPC Fish and Wildlife Program.

The NPPC, made up of representatives from the States of Idaho,
Montana, Oregon, and Washington, was entrusted (under the Northwest Power Act of
1980) to perform the following tasks: 1) develop a conservation and electric power plan
that will ensure an adequate, efficient, economical, and reliable power supply for the
Pacific Northwest; 2) prepare a program to protect, mitigate, and enhance fish and
wildlife (including related spawning grounds and habitat) that are affected by the
development and operation of hydroelectric projects on the Columbia River and its
tributaries; and 3) involve the public in these activities.



In 1992, NPPC issued a comprehensive Columbia River Basin Fish
and Wildlife Program addressing salmon and steelhead production, safe passage, and
harvest management; resident fish and wildlife protection; future hydroelectric
development; and coordination among Federal agencies with responsibility for
Columbia River Basin resources. It has since been amended several times, most
recently in 1991 to 1993. The first three phases of that series of amendments are known
as the Strategy for Salmon, and address production and habitat measures for salmon
and steelhead stocks, mainstem survival, harvest, rebuilding schedules, and biological
objectives. The final phase addresses protection of resident fish and wildlife.

Many of the measures in the Strategy for Salmon recommendations
are incorporated into the annual operating plans, as well as in the SCS and the
Columbia River SOR evaluations.

C. Endangered Species Act (ESA) Recovery Plan.

While programs to improve the status of Snake River salmon have
been ongoing for decades, the filing of formal petitions with NMFS in 1990 for ESA
listing of three stocks as threatened or endangered focused regional attention on the
need for more aggressive action addressing the precarious status of specific wild
salmon stocks. Outgrowths of the petition filing included the Salmon Summit, the
beginning of NPPC's amendments to rebuild salmon stocks, and several Corps studies
to improve dam operations. The formal listings of Snake River sockeye in December
1991, and Snake River spring/summer and fall Chinook in May 1992 triggered the
initiation of the NMFS recovery plan and Federal agency consultation on the effects of
actions, including the operation of the coordinated Columbia River System, on listed
salmon. Under the ESA, the Corps and cooperating agencies have a responsibility to
ensure that their actions do not jeopardize the continued existence of the listed species.

Ultimately, a recovery plan will guide all activities that might affect
salmon restoration and recovery. A recovery team has been established, and has
developed draft Recovery Plan recommendations. These recommendations will assist
NMFES in preparing a Recovery Plan. The Recovery Plan will provide guidance on
policies and actions for restoring listed Snake River salmon stocks.

d. The BOR-Led Storage Study.

In response to the Salmon Summit and NPPC's amendment for its
Fish and Wildlife Program, BOR is facilitating an interagency inventory and analysis of
additional potential storage sites in the Snake River Basin. These additional storage
sites were evaluated for use to augment or improve flows for anadromous fish, or refill
lower Snake River projects following drawdown, particularly during their downstream
migration period. The study participants include representatives from BOR, the Corps,
BPA, and the various involved states. Potential storage sites will be evaluated by the
Corps and BOR, depending on prior involvement. The final report from BOR was
submitted to NPPC in February 1994.



e. John Day Advanced Planning and Design (AP&D).

The Corps has initiated studies for the John Day operation at
minimum operating pool(MOP) concurrent with Phase | SCS studies, in response to the
region (NPPC) and legislative direction. The scope of work includes studies to further
evaluate and quantify environmental and user impacts, address mitigation alternatives,
develop mitigation plans, and design mitigation measures for the impacted users in
anticipation of a decision to implement. The scope also includes biological studies
intended to address some of the uncertainties with regard to the biological effects of the
proposal and, with completion of a smolt monitoring facility at the project, to obtain
baseline flow/survival data prior to potential implementation. The projected date to
complete a draft decision document and EIS is 1996. With a positive decision to
implement, MOP operation could begin in 1999.

f. Extended Screens at John Day.

Provision of extended-length screens for the John Day juvenile bypass
system is an improvement measure being evaluated in the Phase | SCS studies.
Congress provided separate funding for this measure. Concurrent with the Phase ISCS,
the Corps is in the process of developing a scope of work and initiating studies and key
activities (e.g., hydraulic modeling).

1.07. Corps Study, Review, and Authorization Process.

a. General.

Projects developed by the Corps are studied, reviewed, authorized,
funded, and implemented in accordance with a process defined by Federal law, Corps
regulations, and the Department of the Army. The following paragraphs are intended to
provide an overview of the Corps study, review, and authorization process used for the
SCS. An understanding of this process by external interests is important to the overall
success of the coordination of the study with regional interests.

As discussed earlier, the SCS is currently in Phase | of a two-phase
study process. The Phase | findings result in a recommendation that selected
alternatives warrant additional, more detailed study during Phase Il. This report will be
submitted to Corps Headquarters, other state and Federal agencies, NPPC, and other
regional interests for review and comment.

b. Phase | Report--Preliminary Studies.

The objective of the Phase | report is to provide sufficient information
to determine whether or not a study should proceed to the more detailed Phase Il study.
Study findings are presented in this report.

A draft plan of study for Phase Il studies was prepared as part of the
Phase | activities. This plan of study provides an outline of alternatives, tasks,
schedules, and costs for the completion of feasibility-level analysis, evaluations, and
alternative comparisons.



The final Phase | report will be transmitted to Corps Headquarters for
review and approval. The NPPC and other regional interests will have an opportunity to
review and comment on the draft Phase | report prior to final approval by the Corps. A
review conference will be held to ensure that the report is consistent with current
policies and budgetary priorities of both the agency and the regional interests; as well
as to discuss concerns from Corps Headquarters and the region regarding issues,
formulation, and evaluation of alternatives. The conference will also attempt to establish
procedures for the resolution of outstanding issues.

C. Recommendations.

A decision to continue studies will be based on regional support and
recommendations developed by the Corps, with input from the region. Following
regional review of the draft Phase | report, decisions on which alternatives warrant more
detailed analysis in Phase Il will be presented as recommendations in the final Phase |
report. The more detailed Phase Il report will be used for Congressional authorization
and subsequent funding for the implementation of those specific alternatives that have
received regional and Federal support. A general discussion of the major steps of the
Corps study, review, and authorization process is provided below.

d. Phase lI--Detailed Studies.

The Phase Il study will result in the completion of a report that is
consistent with the plan of study. The Phase Il report will accomplish the following:

Provide a complete presentation of study results and findings,
including a summary evaluation of alternatives developed in Phase
I, so that readers can reach independent conclusions regarding the
reasonableness of the recommendations.

Provide compliance with applicable statutes, executive orders, and
policies.

Provide a sound and documented basis for both Federal and
regional decision makers to judge the recommended solution(s).

A Project Management Plan will also be prepared during the Phase Il
study. It will provide the scope, schedule, budgets, and technical performance
requirements for implementation of the alternatives recommended for implementation in
the Phase Il report.

e. Preauthorization Engineering and Design.

Engineering and design work on the recommended plans can
generally commence prior to actual construction authorization. These activities are
intended to accomplish detailed design work for the proposed plans, as well as any
special studies or additional research that needs to be completed prior to the initiation of
construction. All specific preauthorization engineering and design tasks are presented in
the management plan completed as part of the detailed studies in Phase II.



Section 2 - Agency Coordination
And Public Involvement

2.01. Oversight and Coordination

a. Columbia-Snake River Drawdown Committee

Studies of the operation and configuration of the lower Snake River
projects and the John Day Dam (on the Columbia River) are being monitored and
overseen by the Columbia-Snake River Drawdown Committee. The committee is
specifically charged with oversight of studies that examine the long-term drawdown of
these projects during the downstream migration of juvenile salmon and steelhead.

The Drawdown Committee was established by NPPC, as identified in
their Strategy for Salmon, and serves in an advisory capacity to NPPC. This committee
is charged with coordinating analysis conducted by the Federal agencies, and oversees
the development of plans for drawdown on the Columbia and Snake Rivers. The
committee, chaired by NPPC, consists of representatives from each of the following
groups and agencies: the Corps; BPA; BOR; the states of Idaho, Oregon, Washington,
and Montana; the Columbia River Inter-Tribal Fish Commission; and the Shoshone-
Bannock tribe. The committee facilitates regional involvement in ongoing Federal
processes related to drawdown, and helps prevent the duplication of efforts between
Federal and NPPC-sponsored efforts.

The committee's specific responsibilities include the following: 1)
identify roles and responsibilities; 2) review activities relevant to Snake/Columbia River
drawdown; 3) identify various drawdown strategies; 4) identify design/operational
objectives; and 5) explore biological parameters to recover salmon stocks.

The BPA, in coordination with the committee, funded an independent
technical contractor (HARZA) to review the adequacy of analyses conducted by the
Federal agencies, as well as to conduct their own analyses when deemed appropriate
by the committee or the chair. The Corps has worked very closely with HARZA in its
SCS evaluations.

b. The Technical Advisory Group (TAG)

The assessment of biological impacts and the effectiveness of
alternative measures studied as part of the SCS are conducted under the full
collaboration of the TAG.

The TAG is a group of technical experts representing regional fish
agencies and tribes, river operating agencies, user groups, conservation groups, and
other interested parties. It was formed in the spring of 1991 to develop plans for the
1992 Lower Snake reservoir physical drawdown test. This group has continued to meet,
since the completion of the March drawdown test, to address issues related to the SCS.



The TAG is responsible for the following: 1) developing and reviewing
criteria for each alternative being considered by the Corps in the SCS; 2) reviewing
technical reports produced under this study; 3) developing and evaluating
recommendations for methods of obtaining additional information regarding alternatives
proposed for study under NPPC's Fish and Wildlife Program Amendments; 4)
development of the scope of the Biological Plan for the Lower Snake reservoir
drawdown; and 5) providing guidance and review during the completion of the Biological
Plan. Input from the TAG is provided to NPPC's Drawdown Committee, as well as to the
Corps.

The preparation of this document was coordinated with the TAG, who
provided guidance in the development and screening of alternatives and fishway design
criteria. The TAG also reviewed and commented on various drafts of this document.

2.02. Public Involvement

The study plans, progress, and alternatives reflect a sustained interaction
with regional interest groups and the general public. The alternatives chosen for study
stem from discussions at the Salmon Summit, NPPC's Strategy for Salmon, and ideas
from members of the public and various interest groups. Publications, media coverage,
and public meetings have involved a broad representation of the public in study
activities. In a series of meetings held throughout the region in July 1992, the public
expressed concerns about potential costs of system configuration changes, equitable
sharing of economic sacrifices necessary to improve salmon survival, the importance of
determining, with reasonable levels of uncertainty, the biological benefits associated
with the various alternatives under study, and other items.

In November 1992, an Interim Status Report was released for public review,
and briefed to NPPC. This report provided preliminary information of (to date) from the
SCS. The report also responded to the target date for a report on interim plans for the
drawdown of the lower Snake River and John Day projects, as established by NPPC's
Strategy for Salmon.

This draft SCS Phase | report is also being distributed for public review and
comments. Comments received during this review were considered in completing the
final Phase | report, which is scheduled for release in the summer of 1994. During the
review of the draft SCS Phase | report, another series of Public Information Meetings
will be held, in cooperation with NPPC. The purpose of these meetings is to present the
results of the draft SCS Phase | evaluation, and to get public input. The exact dates and
locations have not yet been determined. An announcement will be distributed that will
identify these dates and locations.

In addition to the draft SCS Phase | report, a draft EIS for the Biological
Drawdown Test will be distributed for public review. This draft EIS is scheduled for
distribution in April 1994. During this review period, a series of public hearings will be
conducted. In an effort to reduce the number of regional meetings, these hearings will
be combined with the SCS Phase | public meetings.



Section 3 - Problems, Issues, and Uncertainties
3.01. Overview

The NMFS has listed the Snake River sockeye salmon as endangered, and
the spring/summer and fall Chinook as threatened species under the Federal
Endangered Species Act (ESA). These actions are the culmination, to date, of a
historical decline in wild salmon stocks in the Columbia/Snake River system.

There are many factors, some natural and some human-caused, that have
contributed to the listing of these salmon stocks. This study only addresses one of these
factors, the modification of the natural river by eight Federal run-of-river dams and
reservoirs on the Columbia and Snake Rivers.

This system of dams and reservoirs has provided many benefits to the
region, including power, commercial navigation, irrigation, water quality, recreation, and
resident fish and wildlife. However, the projects also have lowered the velocity at which
the water flows through the impounded reaches of the river system. This slower water
velocity has increased the time it takes juvenile salmon to migrate from their freshwater
spawning grounds to the saltwater of the Pacific Ocean. Some believe the longer
migration time may affect salmon survival by increasing their chances of being eaten by
predators. It may also interfere with the natural physical changes required for them to
adapt from freshwater to saltwater, thus reducing their instinct to migrate and
decreasing their survival.

3.02. Life History of the Pacific Salmon

An understanding of the unique life cycle of the Pacific salmon helps to
explain why the river flows and hydropower dams along the Columbia and Snake Rivers
play such a critical role in salmon survival. Salmon are anadromous fish. They spawn in
freshwater, rear in freshwater streams and rivers, migrate downstream to the estuary,
enter the ocean, grow to maturity in the ocean, and return to freshwater to reproduce
and die (see figure 3-1). This movement from freshwater to saltwater historically
followed the natural flow patterns of their spawning and rearing waters before human
development altered that flow pattern. Most species spawn in late fall when flows are at
their lowest or are rising, increasing the change that eggs are always covered with
water. The eggs typically hatch in December or January. The hatchlings, called alevins,
live for a month or more on nutrients stored in their yolk sac. Once the sac is absorbed,
the young fish (called fry) must find and capture food to survive. Alevins typically
develop into fry during the spring thaw when the first hatch of aquatic insects occurs,
thus providing a ready source of food. As the waters and temperatures become warmer,
more and different kinds of invertebrate food sources become available, and the fry
grow rapidly.



Figure 3-1. Anadromous Fish Life Cycle

Depending onthe species and stock, fry will spend as little as a month to
over a year in the stream of their birth. Sometime during their first or second spring
season, the fry begin a biochemical change, called smoltification, that triggers the urge
to migrate. Smoltification is the change that adapts the body from a freshwater to a
saltwater environment. The young salmon, now called smolts, move down the river from
tributaries, migrating mainly during the spring and summer when natural water flows



would normally be at their highest (see figure 3-2). Smolts are moved along by the flow
of the river, and must reach the ocean before the physiological capability of surviving in
saltwater ceases. An understanding of the unique life cycle of the Pacific salmon helps
to explain why the river flows and hydropower dams along the Columbia and Snake
Rivers play such a critical role in salmon survival [Options Analysis/Environmental
Impact Statement (OA/EIS, 1992)].
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Figure 3-2. Peak Periods of Downstream Migration of Juvenile Salmonid Smolts

The ocean provides the food resources required for salmon to grow to
maturity (6 to 60 pounds). These fish may spend as little as 1 year, or as much as 5
years in the ocean before they become sexually mature and being their return to
freshwater (figure 3-3). They must undergo physiological changes in order to return to
freshwater. Most return to the same stream where they were hatched. It is believed that
they do this by being able to distinguish minute differences in the chemical composition
of the water of different streams. In order to make this trip upstream, fish need bypass
facilities (fish ladders) to get up and around the dams on the rivers and back to their
spawning grounds. Here they spawn and die, producing a new generation in the same
waters that gave them life.
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Figure 3-3. Adult Salmonid Main Upstream Migration Periods

This complex, unique life cycle, as well as their significant commercial value,
make the Pacific salmon highly vulnerable to the actions of modern human activity.
Changes in water quality caused by agricultural, municipal, industrial, and mining
actions; overharvest; the diversion of the Columbia/Snake River system all have
contributed to the decline of Pacific salmon (OA/EIS, 1992; Draft Recovery Plan, 1993).

3.03. Status of Pacific Salmon.

The population decline of adult fish returning from the ocean to their
freshwater spawning grounds paralleled the development of dams, irrigation diversion,
livestock grazing, mining, municipal and industrial development, and over-fishing of the
salmon and steelhead runs. Before these developments in the Columbia Basin, up to 16
million wild salmon and steelhead are estimated to have returned to the Columbia and
Snake Rivers to spawn in streams where they were born. By 1938, when Bonneville
Dam was completed, this number had fallen to 5 to 6 million, mainly as a result of over-
fishing and the effects of upstream activities that blocked spawning access or degraded
habitat. Today the total run is typically about 2.5 million, including known fish harvested
in the ocean. About 0.5 million of these are wild fish. Figures 3-4, 3-5, and 3-6 show
recent declines for Snake River salmon stocks.
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Figure 3-5. Spring Chinook Adult Returns to Ice Harbor Dam
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Figure 3-6. Spring Chinook Adult Returns to Ice Harbor Dam

While programs to improve the status of Columbia and Snake River salmon
have been ongoing for decades, the filing of formal petitions with NMFS in 1990 for ESA
listing of three Snake River stocks as threatened or endangered focused regional
attention on the need for more aggressive action to address the precarious status of
specific wild salmon stocks. Outgrowths of the petition filing included the Salmon
Summit, the beginning of NPPC's amendments to rebuild salmon stocks, several Corps
studies to improve dam operations, and joint studies with other Federal entities to
evaluate long-term operational strategies. The formal listings of sockeye salmon as
endangered in December 1991, and of spring/summer and fall Chinook salmon as
threatened in May 1992, triggered the initiation of a NMFS recovery plan and Federal
agency consultation of the effects of actions, including the operation of the coordinated
Columbia River System, on listed salmon.

Ultimately, the NMFS recovery plan will guide all aspects of activities that
might affect salmon restoration and recovery. A recovery team was established and has
recently (October 1993) released a draft recovery plan for regional review. A final
recovery plan will direct rebuilding efforts. In the interim, the Corps, along with
cooperating Federal agencies, continues to consul on operations of the Federal
Columbia River Power System, and continues to move quickly to work with the region
on evaluating alternatives. The 1992 OA/EIS, the 1993 Supplemental EIS (SEIS), the
Biological Drawdown Test EIS, the action responses to NMFS' Biological Opinions, the
SCS, the SOR, and continued upgrade and improvements to existing mainstem
hydroelectric projects through the Columbia River Juvenile Fish Mitigation Program, the
CRSMA, and the Project Improvements for Endangered Species are some of the major
programs underway within the Corps and other involved Federal, state, tribal, and
regional parties.



3.04. Factors Affecting Decline.

Several recent documents review the history of factors associated with the
decline of the anadromous fishery. For further detail to the general overview provided
below, the reader is directed to the following documents: Saving the Salmon: A History
of the U.S. Army Corps of Engineers' Role in the Protection of Anadromous Fish on the
Columbia and Snake Rivers (Mighetto and Ebel, 1994); Draft Snake River Salmon
Recovery Plan Recommendations, Section Il., Background, 1993; OA/EIS, 1992; and
the Columbia River Basin Fish and Wildlife Program, Appendix D (Compilation of
Information on Salmon and Steelhead Losses in the Columbia River Basin), NPPC,
1986.

The NPPC (1986) estimated that average annual salmon runs before
development of the basin (1850 is used to characterize pre-development) range from
about 10 to 16 million fish. Today's average run size is about 2.5million fish, resulting in
a net basin loss of about 7 to 14 million fish. Four general categories are used to
encompass the range of factors associated with the decline of the anadromous fishery
in the Columbia River Basin. These factors are harvest, habitat, hatcheries, and
hydropower.

Harvest declines were obvious as early as the late 1800's. Biologists
observed significant reductions in salmon in the Columbia River and its tributaries by
the 1890's. In 1894, the Oregon Fish and Game Protector warned that Chinook
populations were threatened with annihilation (Mighetto and Ebel, 1994). Fishwheels
(large dipnets kept in constant motion by river currents) scooped fish from the river into
storage bins. Many of these were used by canneries to catch as much as 70,000
pounds of fish in a single day (Mighetto and Ebel, 1994). Conservation measures
included the elimination of these devices by 1934, and closures of fishing seasons and
restrictions on certain types of fishing gear in the late 1800's. However, poor
enforcement and limited funds were ineffective in stopping the salmon run declines
(Mighetto and Ebel, 1934).

Habitat losses have been significant since pre-development times. Salmon
and steelhead require clean, cool water; suitable gravel for spawning and egg
incubation; and an ample supply of food and space for rearing (NPPC, 1986). The
NPPC document estimates a 31-percent habitat loss in stream habitat prior to 1850.
Habitat losses in the Columbia River above Bonneville Dam are estimated at about 35
percent since 1850. Below Bonneville Dam, habitat losses are estimated to be about 15
percent. Habitat has been degraded by forest and farming (irrigation and grazing)
practices, mining, waste disposal, and water resource development. By 1900, mining
had become significant in the Pacific Northwest states. By 1925, land devoted to
agriculture, irrigation, and logging had increased dramatically (NPPC, 1986). For
example, agricultural and mining developments in the early 1900's on the Weiser and
Powder River systems resulted in significant habitat damage (siltation) or complete loss.



Logging practices, particularly in the Willamette River drainage, resulted in the
sedimentation of spawning areas, the blockage of migration by log and log debris dams,
and the degradation of water quality. Logging was extensive by 1925 in the lower river
(NPPC, 1986). Agricultural impacts, primarily due to irrigation practices, have affected
many subbasins, particularly within the Snake River system, which has had nearly twice
as much water diverted for irrigation than any other area. Nearly half the total water
diverted in the Columbia River Basin is in the Snake River area (NPPC, 1986).

Hatcheries were constructed to compensate for habitat loss or to mitigate for
mortalities associated with the hydropower system development. Fishery management
practices at the time of hatchery program development assumed that providing
additional production would help to rebuild (or replace) the runs lost to the hydroelectric
system. What was not understood at the time was the impact this program would have
on natural populations. Problems associated with the hatchery programs include genetic
impacts from stock transfers or supplementation efforts (adding hatchery fish to
natural/wild areas), interaction with natural populations leading to competition for
resources and habitat during stream or mainstem passage, possible interactions in the
estuary and near-shore ocean life stage, and possible disease interactions. The
hatchery compensation and mitigation programs (for Chinook) have not restored adult
populations to levels present prior to large hydroelectric project development (Draft
Recovery Plan Recommendations, 1983).

Dams and reservoirs associated with hydropower have substantially reduced
the abundance of salmon in the Columbia River Basin. Direct impacts are due to
blockage or alteration (inundation, sedimentation, or change in water quality or
temperature)of habitat, and as a barrier (either complete blockage, or a delay in
passage) to juvenile or adult migration. Major spawning areas were lost in the upper
Snake River Basin with the completion of the Hells Canyon complex. Over 95 percent of
the fall Chinook used habitat upstream from the Hells Canyon Dam site [Irving and
Bjornn (1981) in NPPC (1986)]. On the Columbia River, construction of the Grand
Coulee and Chief Joseph Dams blocked off large areas that had supported salmonid
runs. More than 55 percent of the Columbia River Basin accessible to salmon and
steelhead before 1939 (when Grand Coulee Dam was build) has been blocked by large
dams (NPPC, 1986).

Another impact facing salmonid stocks is the change in natural flow runoff.
When spring flows are stored in large headwater reservoirs for use during low flow
periods, salmon migrations are affected (NPPC, 1986). The speed of migrations is
slowed in slackwater reservoirs. Based on data collected in the 1970's (Bentley and
Raymond 1976; and Sims and Ossiander, 1981), estimates of 15 to 30 days for spring
Chinook are typically quoted. No study has measured travel time for the complete river
stretch, either prior to or following dam construction. Under existing flow improvement
measures, an average travel time of 17 to 21 days was estimated for Snake River
spring Chinook between the head of the Lower Granite reservoir to below Bonneville
Dam. Fall Chinook travel time is estimated to be 49 and 57 days, based on the 50-year
average and critical water years, respectively. These fish move more slowly through the
reservoir system because they spend time feeding and growing within the reservaoir.



Other river passage hazards include turbine mortalities, if fish pass through operating
projects rather than being collected by mechanical guidance systems that avoid turbine
passage (see discussion in section 4.05.b.); collection and bypass system mortality; gas
supersaturation associated with water spilled over spillways; and predation on juvenile
migrants moving downstream by squawfish, smallmouth bass, channel catfish, and
other resident fish.

The NPPC(1986) estimates that total loss due to all causes (hydropower,
fishing, logging, mining, irrigation, grazing, and urbanization) is about 10 million fish
(range: 7 to 14 million). Although difficult to quantify, these estimates have been
developed to provide a reasonable range (NPPC, 1986). About 8 million of this loss is
attributable to hydropower development, with half of the loss due to blockage
associated with Grand Coulee and Hells Canyon Dams, and the remaining half
attributable to other mainstem projects (Draft Recovery Plan, 1993).

3.05. Issues and Uncertainties.

The listing of Snake River wild spring/summer and fall Chinook, and sockeye
salmon, raised the consciousness of the region to the current status of salmon and the
ecosystem in which they live. In effect, the ESA listings emphasized the general decline
in the overall quality or health of the natural system (due to man's development of that
system) that often is first reflected in the loss of water quality, watershed quality, riparian
guality, and impacts on the fish and wildlife populations that rely on the natural health of
the system to survive.

Several issues and uncertainties are at the forefront of decision-making that
affect water resource management, and how best to optimize the hydroelectric system
to meet the multiple-use demands (most with competing interests) that were the
justification for the very projects now headlined as the major contributor to the salmon
declines. The multi-use purposes; navigation, flood control, irrigation, power, and
recreation; were the initial uses authorized to construct the Columbia River hydropower
system. "Equal consideration” of conservation and enhancement of fish and wildlife,
together with water development objectives, has directed the Corps' planning even
before the 1958 amendment to the Fish and Wildlife Coordination Act required such
consideration (Mighetto and Ebel, 1994). Many of the issues and uncertainties relate to
biological parameters associated with anadromous fish. These and other areas are
discussed in the preceding paragraphs.

a. Flow/Survival Relationship.

Considerable debate exists within the scientific community over the
relationship of flow (water velocity) and fish survival. Some regional biologists believe
fish survival is directly tied to the level of flow available during their downstream
migration. Others believe that, above a certain threshold flow, additional benefit is not
gained in fish survival. Other factors, such as the level of smoltification (the
physiological change that transforms a fish's system to adapt from freshwater to
saltwater) is believed to play a major role in the success of fish moving downstream,
independent of flow.



The issue of quantifying the effects of lowering reservoir pools on
smolt survival still remains. There are very little data on the survival of smolts. Although
potential benefits seem apparent, data and analyses to support these benefits are few.

If it is assumed that the rate of juvenile salmonid travel is directly
related to water velocity, improving flow conditions would increase the survival of
juvenile salmon. Increased water velocity, as measured by water travel time through the
reservoirs, would presumably translate into reduced travel time for migrating smolts.
However, it is not clear that increasing water particle travel time alone would recreate
the productivity levels of earlier times (Draft Recovery Team, 1993) because other
factors (i.e., smoltification, water quality, turbidity, predation, water temperature, and fish
condition) are also at play and have significantly changed from conditions existing in the
1970's when the flow and travel time research was conducted (OA/EIS, 1992). For
further information, the reader is directed to the OA/EIS of 1992, section 4, or the recent
review by Cade (et al., 1993) for NPPC, which details much of the information
surrounding this debate and refers the reader to published literature for further
information.

The belief that increasing the velocity of water as it flows through the
reservoirs would increase survival of juvenile migrants led to the concept of drawing
down the reservoirs to increase the water velocity and reduce the time that juveniles
spend in the reservoir. It has also continued the debate as to the merits of in-river
passage versus collection of downstream migrating juveniles for transport by barge to
below Bonneville Dam.

b. Transportation Versus In-River Migration.

The question of the efficiency of the transportation program as a
method of enhancing salmon survival, at least as an interim measure until better
alternatives re researched, is a second major issue; and is heatedly debated within the
region. A description of the program can be found in section 4.06. A review of the
research conducted to evaluate the relative survival of transported versus non-
transported fish generally shows that survival is improved for transported fish. Of 28
tests conducted, 13 indicated significant changes in survival. Of these, 12 were positive,
but 1 (a truck test) was negative for transported versus non-transported fish. In another
10 tests, improved survival was measurable positive, but not statistically significant
(OAJEIS, 1992). The most recent research, conducted in 1986 and 1989, indicated a
positive transport benefit for spring/summer Chinook salmon and steelhead (60 percent
and 150 percent more fish returned if transported than if left in-river).

Despite the significant data set available, and the scrutiny that this
program has had, concern remains over the benefits of transporting fish. One concern is
that survival of transported fish is not as high as would be expected, if in fact
transported fish avoid known mortality factors of river passage. Critics believe that the
assumptions used in determining transport benefits are flawed. They believe that
differential mortality may be affecting transported fish either prior to collection, or
following release from the transport barges. Some of these critics have attempted to
establish survival rates for in-river migrants, as compared to the number of returning



adults. If the assumption of "fixed" transport survival (no change in survival of
transported fish regardless of flow conditions and those effects of fish prior to transport)
versus "flow-related" transport survival (some reduction in transport survival based on
fish condition due to in-river travel up to the time of collection for transport) is
considered, then the real benefit (if any) could be addressed. This discussion is
currently under review in the various models and modeling activities underway within
the region, primarily for the SOR.

C. Spill/Dissolved Gas.

A third issues is the use of spilled water to pass juvenile salmon and
steelhead past the dams, and its effectiveness in improving in-river survival. The
regional state agencies and tribes believe that spill provides a safe and efficient
passage route for juvenile fish. A spill agreement was adopted in 1989, as a temporary
measure, until permanent fish bypass facilities could be installed. This agreement
provided a specific amount of water to be passed over the spillways of four dams in the
spring to protect juvenile fish from passage through the turbines. However, the issue of
dissolved gas supersaturation, and its impact on both juvenile and adult fish, is
contested by various regional interests.

Spilled water traps atmospheric air deep into the water of the plunge
pool, where increased hydrostatic pressure dissolves the air into the water. At depth,
this dissolved gas is supersaturated. The gas will either come out of solution and
equilibrate with atmospheric conditions, or form bubbles. If these bubbles form within
the tissue of aquatic organisms, they can injure or kill the organism. Gas levels can
successively increase downstream as water is passed over successive dams. State and
Federal water quality standards of 110 percent are often exceeded when spill at run-of-
river dams on the lower Snake and Columbia Rivers causes high levels of total
dissolved gas (TDG). There is considerable controversy over what level of TDG is
acceptable, and there is disagreement on the interpretation of extensive data that
appear to justify the existing 100-percent standard. Controversy also extends to the
potential impact that some of the reservoir drawdown options could have from increased
spilling and levels of dissolved gas supersaturation. Drawdown options causing major
spill could produce gas levels shown to be lethal to fish over extended river reaches.
These options could result in increased net mortality within the system, and negate any
benefits that might accrue from reduced water travel time. While this consequence is
uncertain, the possibility of major losses of fish must be weighed carefully when
evaluating options.

d. Wild Versus Hatchery Fish.

Prior to 1968, nearly all returning Snake River Basin adults were of
natural origin. Since then, adult returns have been comprised of ever-increasing
numbers of hatchery-reared progeny. The tremendous increase in hatchery production
may be contributing to the decline of natural Snake River stocks. Little is actual known
about the interaction and competition between hatchery and wild stocks, or how wild
stocks respond to major regional programs such as transportation. There is also
concern over how flow augmentation efforts, such as the Water Budget, have been and



should be used to maximize in-river conditions for wild stocks, rather than for the bulk of
the migration (if comprised primarily of hatchery stocks). Major concern focuses on the
apparent poorer survival of the hatchery stocks, and the return of the investment in the
expansive hatchery program that was instituted to replace fish losses associated with
the lower Snake River projects through the Lower Snake River Fish and Wildlife
Compensation Plan.

As perhaps an indicator of the concern for the wild versus hatchery
issue, the Draft Recovery Plan discusses specific concerns related to hatchery
management to avoid inhibiting recovery of natural stocks. These include specific
concerns about the geometric increases in numbers of smolts over recent decades, and
the decreasing quality of hatchery-produced smolts (Draft Recovery Plan, 1993). The
draft plan proposes several areas for improvement (see section VI., Improving
Freshwater Production of Chinook Salmon).

e. Estuary and Ocean Unknowns.

The estuary (the zone in which saltwater mixes with freshwater, due to
the tides) environment has been impacted with modern day development, including
construction of mainstem dams, dredging and filling for navigational improvements,
rapid growth in human population, overfishing, and irrigation and industrial growth.
Water quality degradation, due to irrigation and industrial return flow; and changes in
flow regulation due to dam construction and operation, altered salinity regimes, and
decreased sediment transport; have changed the estuary environment (Weitkamp,
1993). The lack of historical data, both physical and biological, prior to the changes
associated with man's activities, limits the capability to evaluate resulting biological
changes that affect fish survival as fish pass from freshwater into saltwater.

Changes in water quality and other factors that have occurred may
affect the growth rates and health of anadromous fish in the estuary, particularly for fall
Chinook, which have longer residence times in the estuary. The NMFS found that
juvenile coho, yearling Chinook, and steelhead move through the estuary at
approximately the same rate as they migrate downstream. Fall Chinook may slow to
about 70 percent of their riverine migration rate, but generally pass through the estuary
within 6 days (Dawley et al., 1986). Since most juvenile salmon spend little time in the
estuary, and general migrate directly through to the ocean, the estuary may not be a
critical factor in survival success. However, for fall Chinook, feeding and rearing
conditions may be factors, as well as predatory/prey interactions.



The impact of timing of arrival of both in-river migrants and releases of
large numbers of transported fish to within 140 miles of the estuary is an area of
uncertainty on how the estuary ecosystem responds to this influx of fish. Prior to dam
construction and flow regulation, the majority of all fish arrived at the estuary within a
relatively short duration, timed to high runoff flows. Following dam construction, travel
time of in-river migrants more than doubled, with later arrival to the estuary. With
transportation, arrival to below Bonneville Dam is a scheduled event and, following
barge release, fish travel to the estuary within 48 to 72 hours after release (Shreck and
Congleton, 1993). Competition of these transported fish, and in-river migrants, for
resources and life history needs within the estuary are not well defined, nor is the timing
of arrival, as related to survival.

The ocean environment, in which salmon may reside for as long as 5 years,
is not well studied in terms of the conditions necessary (i.e., period of entry and food
availability) to support salmon survival. The impact of El Nifio, for example (Draft
Recovery Plan Recommendations, 1993), is known to have an extreme effect on
productivity and changes in prey and predator species distribution. Near-shore and
ocean ecological and interrelated natural factors may affect West Coast salmon runs
outside those factors influencing the freshwater life-cycle stage. The migration patterns,
food habits, and the impacts of predators and competitors in the marine community are
all areas of limited knowledge. Studies by Pearcy (1992) and others suggest that smolt
availability to predators, rather than alternative prey (e.g., Pacific herring), is influenced
by high coastal upwelling and dispersal. The Draft Recovery Plan cites work by Pearcy
and other marine investigators (Lichatowich, 1993; and Ware and Thompson, 1991) that
suggest that oceanic conditions and various components of marine ecosystems can
have profound effects on the growth and survival of salmon and, therefore, on the
ultimate return of adults to their rivers of origin.

f. Effects of Mortality Above the Reservoirs.

Factors outside the dam and reservoirs may have significant effects
on downstream migrating smolt survival prior to fish ever arriving at these projects. For
example, mortality of Chinook and steelhead in 1989 from the Crooked River to the
head of Lower Granite pool (about 120 miles) was 60 and 47 percent, respectively
(Kierfer and Forster, 1990a). A similar study in 1988 showed 63- and 85-percent
mortality for spring Chinook and steelhead from the upper Salmon River to the head of
Lower Granite Pool (about 420 miles). Recent studies by NMFS and USFWS with
wild/natural and hatchery spring Chinook in the upper Snake River system showed low
survival to Lower Granite Dam (mortality prior to reservoir was not separated out). In
these studies, approximately 6 percent of the wild/natural fish (range: 4.5 to 7.8 percent)
were recovered at Lower Granite; 31 percent and 8 percent of hatchery fish (Dworshak
National Fish Hatchery and Sawtooth State Fish Hatchery, respectively) were recovered
at Lower Granite. Poor overwintering success, due to extended drought years, is one
probable cause for the poor survival of wild stocks. Competition with, and impacts due
to, the high numbers of hatchery-released fish within the migratory corridor may also



account for losses to wild fish. For hatchery fish, poor transition from the hatchery
environment to the riverine system, inability to compete and/or adapt to the river
system, disease condition, and general fish vitality, may account for the poor survival
even within the free-flowing riverine stretches. Recent work by NMFS (1993)in the
Lower Granite pool showed almost no mortality to marked spring Chinook released at
Nisqually John and recaptured at Lower Granite Dam (about 16 miles of the 30-mile
reservoir). Data suggests that significant losses are occurring to both hatchery and wild
stocks prior to entry into reservoirs.

g. Survival Model Limitations.

Models can be useful tools in helping managers and decision-makers
evaluate relative benefits or differences among options or alternatives when actual
biological data is limited. However, models are based upon assumptions put into
mathematical format. If the assumptions of the data used to develop the parameters for
input cannot be validated, or have a large range of uncertainty associated with them,
any resulting analyses will have commensurate confidence around the model estimate.

The regional interests have developed several models that are
currently used to aid reconnaissance-level studies. The CRiSP, version 1.4 (developed
by BPA and the University of Washington), and PAM (developed by NPPC) are juvenile
passage models used to model juvenile downstream travel times and survival rates.
The CRIiSP model differs from PAM an several ways, and is in many ways a more
detailed model of juvenile passage. The primary difference is that, in PAM, the main
parameter that determines reservoir mortality is flow. The CRiSP model takes into
account specific mechanisms (primarily enhanced predator effects and gas
supersaturation generation) contributing to river morality. The difference in how the
models are accepted regionally is based on whether one believes use of the
flow/survival data [estimated by Sims and Ossiander (1981) in the 1970's, prior to major
structural and operational changes that have occurred since then] to be valid, or
whether calibration to more mechanistic factors is more suitable in describing today's
passage conditions. Fish Leaving Under Several Hypotheses (FLUSH) is a third juvenile
passage model, developed by the state and tribal fishery agencies. It assumes that
smolt survival is sensitive to the Sims and Ossiander (1981) flow/survival relationship
and temperature-related predator effects.

In addition to juvenile passage models that only attempt to capture
downstream passage factors, life-cycle models are also used to describe the return of
adult fish to upstream spawning grounds. Lack of sufficient data for calibrating all of the
life-cycle sub-models has limited their use for specific endangered stock dynamic
predictability. Life-cycle models include the Stochastic Life-Cycle Model (SLCM),
developed by BPA and Resources for the Future; the System Planning Model (SPM),
developed by NPPC; and the Empirical Life-Cycle Model (ELCM). For SLCM, the only



truly stochastic life-cycle model, random draws from appropriate probability distributions
determine the values of the number of fish transiting each life stage. This is intended to
capture some of the variation in lifestage survivals that naturally occurs due to factors
such as fluctuating hydrologic conditions, and is somewhat independent of changes to
the hydrosystem. The SPM and ELCM utilize a multi-run process that selects somewhat
randomly from either a 50-year or a subset of a 63-year flow record reflected in their
linked juvenile passage model survival distribution.

Key uncertainties associated with the ability to predict absolute
juvenile survival estimates using any model include in-river system survival estimates,
dam passage survival, transportation survival assumptions, gas supersaturation effects,
and wild smolt performance (Preliminary Draft EIS for the Columbia River SOR, 1994,
appendix C, Anadromous Fish). For these reasons, relative survival and relative change
in survival estimates are produced and compared until some reasonable means of
validation for critical assumptions can be accomplished. A regional model comparison
and coordination process [Analytical Coordination Work Group (ANCOOR)] initiated 1.5
years ago, continues to facilitate an understanding of the different modeling systems
currently in use. Agencies involved include NMFS, NPPC, ODFW, WDF, Idaho
Department of Fish and Game, University of Washington, BPA, and the Corps
(Preliminary Draft EIS for the Columbia River SOR, 1994, appendix C, Anadromous
Fish).

h. Predation.

Predation is one of the major sources of smolt mortality occurring
during migration within the Columbia and Snake River system, and is believed to cause
mortality equal to or greater than that caused by passage through dams (Rieman et al.,
1991). Reservoirs slow the rate of downstream travel for juvenile salmonids, and
provide favorable habitat for predator species. The adverse effects of increased
predation and competition have likely been grater for fall Chinook that have slower
travel rates, since they feed and rear as they migrate later in the summer when predator
activity is more intense because of higher water temperatures. The ODFW (1991)
estimated that 14 percent of juvenile Chinook salmon were consumed during the April-
to-August period for John Day reservoir alone, which equates to an estimated 2.7
million juveniles lost each year. Fall Chinook losses were even higher, reaching a high
of 61 percent in August. Northern squawfish were the most abundant predator,
accounting for 78 percent of the salmonids consumed. Results of other studies suggest
that total annual losses of salmonids to predation by northern squawfish in the migratory
corridor is likely many times the number estimated for the John Day reservoir. Predation
is documented to occur at higher rates near concentrated areas of juvenile salmonid
presence, such as just above or below dams and at bypass release sites, where
squawfish are more successful in targeting prey.



The BPA initiated a bounty squawfish removal program in 1990,
based on modeling projections that suggested a 50-percent reduction in juvenile
predation could be achieved in 5 to 10 years if 10 to 20 percent of the squawfish
population greater than 11 inches in length were removed. The use of toxins has also
been investigated, but Federal Drug Administration approval for its use has not been
achieved. Control of predation by squawfish is identified as an important element in the
overall plan for recovery of the listed Chinook and sockeye (Draft Recovery Plan
Recommendations, 1993). Predation by other fish also has been documented by
Bennett et al., who identified smallmouth bass as a significant predator on subyearling
Chinook in the Lower Granite reservoir (Curet, 1994). Birds also prey on juvenile
salmonids during their mainstem passage. Marine mammals (seals and sea lions) prey
on returning adult fish. Recent documentation of bite marks by NMFS at the Lower
Granite Dam adult trap suggests incidences ranging from 14 to 19 percent (Harmon et
al., 1993), and open wounds ranged from 36 to 47 percent (Park, 1993). Park (1993)
estimates total consumption in the Columbia River during the upstream passage period
could be as high as 22,500 salmon, of which 4,500 are of Snake River origin.

One benefit attributed to the transport program is removal of a large
portion of the Snake River salmon and steelhead from immediate impact of predation
within the reservoir system.

I. Multi-Purpose Use.

The Corps, as directed by Congress and with the approval of the
Northwest region, constructed eight mainstem dams for a variety of purposes. Since the
1930's, the Corps has coordinated and balanced these often-competing interests
(navigation, flood control, irrigation, power, and recreation) in the management of the
dams. The various uses impact anadromous fishery resources. The Corps continues to
face trade-offs that must be carefully weighted as decisions about water uses are made
(Mighetto and Ebel, 1993). Decision on the future operation of the system will continue
to require trade-offs between competing uses and the conservation of natural
resources. The SCS and SOR are major efforts to define the options, their associated
costs and benefits, and provide national and regional decision makers with a basis for
determining how the system should be operated in the future.

3.06. The Corps' Activities.

The Corps has had a significant history and involvement in researching the
causes of fish losses since before the construction of the eight mainstem projects.
Research first focused on adult passage issues during the late 1930's and 1940's,
primarily fishways and fish ladders, but early research effort was limited by funding and
personnel constraints. In 1951, the Corps established the Fisheries Engineering
Research Program [later called the Fish Passage Development and Evaluation Program
(FPDEP)]. This interagency program was a part of the Corps' efforts to research and
mitigate for fish losses resulting from the proposed construction of additional dams.



Focus began to shift to juvenile passage issues, primarily turbine passage,
when it became clear that juvenile losses were higher than initially believed. Research
led to the development of bypass systems that divert juvenile migrants away from
turbine intakes and safely pass them around the dams for return to the river or
transportation. The first guidance device, the submersible traveling screen, was
cooperatively developed and tested with NMFS in 1969. This led to years of testing at
all Snake and Columbia River projects to develop effective and efficient methods for
protecting juvenile migrants.

Over 20 years of research and modifications to these screens has resulted in
the recent development of extended-length screens that intercept an even higher
percentage of juvenile fish. Other components of the bypass system, such as vertical
barrier screens (VBS's) that restrict fish from reentering the turbine intake once they
have been guided, orifices, and raised operating gates, have been tested and
redesigned to provide the highest level of protection for downstream migrating fish.
Extensive use of hydraulic model studies has helped to evaluate optimal designs for
prototype testing and construction for field evaluation.

Operational changes and/or improvements are continually being made as
research shows where fish passage could be improved. For example, in 1978, the
Corps excavated a large channel through the dam at Little Goose, eliminating the
collection conduit and its associated problems. With Congressional approval of the
Columbia River Juvenile Fish Mitigation Program, funding was made available in 1988
to make major facility improvements, such as construction of the state-of-the-art Little
Goose juvenile fish facility (based in part on research conducted at Lower Granite Dam
to develop an open flow, gravity flume for the movement of fish from the collection
channel to the facility located downstream of the dam), the new permanent juvenile fish
facility at Lower Monumental and Ice Harbor Dams, and construction of a similar facility
at McNary Dam.

In addition to the design and construction of this major bypass system (see
paragraph 4.06.b. for further detail on how the bypass system operates), additional
research through the Corps' FPDEP process has evaluated complementary areas of
concern, such as the condition of fish (physical injury, and physiological status of stress
and fatigue, for example), smoltification status, disease condition, and how these factors
affect the performance of fish during the collection process.

The transportation research program has been a major effort in evaluating
the benefit of transportation since 1968. Offshoots of this research include investigating
guestions associated with hatchery versus wild stock responses, and whether fish
should be transported closer to the estuary.

The Corps has continued to develop and improve the collection and
transportation systems annually as research and operation directs improvements.
Improvements to the facilities, including improved debris handling capability to eliminate
injury to juvenile migrants, have been successful in improving project passage and
survival. Routine monitoring conducted at all collector projects shows minimal injury



during the collection and transportation process. However, as discussed in section
3.05., Issues, the benefits of the transportation program, and bypass itself, are
guestioned. Recent research at Bonneville Dam suggests that passage through that
particular bypass system is not safer than passage through the turbines, primarily
because of predation occurring at the bypass outlet to the river. It should be stressed
that each project is unique, and data cannot be extrapolated from one project to
another. However, it is valid to question the overall performance of bypass systems
since completed bypass systems have not been evaluated on the basis of project
survival. Until this type of comprehensive study is made of every completed bypass
system, bypass benefits are assumed to exceed those of turbine passage.

Other research efforts through the Corps' research program have included
migrational characteristics and survival, delays in migration, dissolved gas impacts ("gas
bubble trauma"), and disease research. Recent research efforts have focused on
project survival, adult passage survival, and the continued development of the juvenile
bypass system.

The Corps has generally supported the efforts of NPPC and the development
of the Columbia River Fish and Wildlife Program as it affects those areas of Corps
responsibility. Many of the Columbia River Fish and Wildlife Program elements are
reflected in ongoing Corps programs, such as the previously referenced Columbia River
Juvenile Fish Mitigation Program, and the CRSMA (the Corps' long-term study to
address salmon recovery and potential structural responses). The Corps SEIS (1993)
details the relationship among many of these programs and Corps activities to address
salmon recovery. The SCS has become the primary focus of CRSMA and efforts to
develop long-term plans. The SOR is another ongoing long-term study to coordinate the
operation of Federal water resource projects in the Columbia River Basin. One of its key
goals is to establish guidelines for operating the coordinated Columbia River System,
taking into account impacts on all river users (including anadromous fish, irrigation, and
navigation).

The NMFS ESA Recovery Plan, when released, will focus the region on the
recommended paths to address salmon recovery. The Corps will respond to this plan,
as will all regional users, to provide the best operation of the system for all its multi-
purpose uses. The Corps will continue to coordinate with regional interests in
addressing recovery measures.



Section 4 - Description of the Affected
Projects and Programs

4.01. Overview.

This section provides information on the Columbia River Basin system of
dams and reservoirs and how it operates. In addition, it identifies the projects (dams and
reservoirs) that are affected by actions being considered under the SCS, and their
relationship to the operation of the entire system.

4.02. Columbia River System.

a. Description of the System.

Dam construction in the Columbia River Basin has developed the
hydroelectric potential of the rivers, provided inland navigation on the lower
Columbia/Snake River reaches, supplied water for irrigation, and improved flood control
for areas subjected to flooding in the past. Some 255 Federal and non-Federal projects
have been constructed in the basin, making it one of the most highly developed in the
world.

Operators of Columbia River Basin projects must take into account
diverse interests and a broad spectrum of agencies and river users. This fact demands
an integrated approach to planning and operations among the projects. Key projects are
operated in a coordinated manner that supports multiple uses, and increases the
benefits to the people of the western United States and Canada.

Dam development in the Columbia River Basin began in the 1800's.
Mainstem dam development began with Rock Island Dam (a non-Federal project) on
the Columbia River in 1933, and continued through 1975 with the completion of Lower
Granite Dam on the Snake River. Most of the dams were constructed from the 1950's
through the 1970's. Federal agencies (the Corps and BOR) have built 30 major
multipurpose dams, with hydropower facilities, on the Columbia River and its tributaries.

b. Storage and Run-of-River Projects.

The Federal projects fall into two major categories: storage and run-of-
river. It is important to understand the difference between the two categories. The
difference between storage and run-of-river projects, graphically illustrated in figure 4-1,
is explained below.



Figure 4-1. Storage and Run-of-River Projects

Storage is the key to the operation of the multiple-use river system.
The main purpose of the storage reservoirs is to adjust the river's natural flow patterns
to conform more closely to water use patterns, storing water from rain and snowmelt
until it is needed. In addition, shaping helped reduce downstream flows during the
flooding season. In recent years, however, storage has also been used to increase
flows during periods of fish migration. Balancing the various uses of system storage has
thus become more challenging as the demands on the system increase. Only a finite
amount of water and storage space is available in the system to meet competing needs.

The total water storage in the Columbia River system is 55 million
acre-feet (MFA), of which 42 MAF is available for coordinated operations. About half of
that storage capacity is in Canada. This is an enormous amount of water, but it is only
about 30 percent of an average year's runoff (as measured at The Dalles Dam). While
there is a large amount of storage on the Columbia River, the degree of control that
exists on other large river systems in the United States (i.e., the Missouri and Colorado
River systems) is not available.

Reservoir levels at storage projects typically vary greatly during
normal operations. Variations between full pools and lowered pools tend to occur
seasonally. Just prior to the spring snowmelt, pools are generally kept low to provide
enough space for increasing flows and flood control. When possible, operators try to
operate pools near full during the summer, when recreation demand is the highest.



The eight Federal projects on the lower Snake and Columbia Rivers
are considered to be run-of-river projects, which have limited storage capacity, were
developed primarily for navigation and hydropower generation. All run-of-river projects
provide hydraulic head for power generation. They also form enough to channel depth
to permit barge navigation. Run-of-river projects pass water at the dam at nearly the
same rate as it enters. The water that backs up behind run-of-river projects is referred to
as pondage. The pondage at these projects is sufficient to control flows on only a daily
or weekly basis. Use of the pondage causes frequent, small fluctuations in water levels.
Reservoir levels behind these projects typically vary only 3 to 5 feet.

While it is physically possible to draft these reservoirs well below the
normal minimum pool levels, the projects were not designed to operate at levels below
minimum operating pool (MOP). Some of the project facilities at the dams (i.e.,
navigation locks, fish ladders, and juvenile fish bypass facilities) would no longer
function at lowered reservoir levels. Irrigation structures and recreational facilities on
these reservoirs depend on normal water levels. Also, railroads and highway fills and
other embankments would not be protected against increased wave action on the
reservoir.

C. System Planning and Operation.

Each Federal project was constructed under specific Congressional
authorizing legislation identifying the major intended uses for each project. This
Congressional authorization, multiple-use operating principles, project control manuals,
and known public concern provide overall guidance for system planning and
management. Within this overall framework, relatively short-term planning is needed to
guide system operations in response to actual hydrologic conditions. As a result, there
are several annual planning processes that guide system operations from year to year.

(1) Annual Planning.

The Columbia River Treaty requires the United States (the
Corps and BPA) and Canada (BC Hydro) to prepare operating plans each year. These
plans are the basis for the operating rule curves for the Treaty projects in Canada.
These plans, in turn, are factored into the annual plan developed by parties to the
Pacific Northwest Coordination Agreement (PNCA), because releases of water from the
Canadian storage reservoirs are crucial for coordinated system planning in the United
States.

Annual planning for coordinated power system operations
occurs pursuant to PNCA. Planning studies are made as if the total coordinated system
had a single owner, synchronizing operations to maximize power production.

The annual planning process starts each February, and it
incorporates non-power considerations. Each reservoir owner submits multiple-use
operating requirements (e.g., specified instream flows) that must be accommodated in
the resulting plan. Utility parties also submit forecasts of their electricity loads, the
output of their non-hydro generating resources, and planned maintenance outages for



their resources. Studies are conducted to determine how much power can be produced
from the whole system as well as by each PNCA party. These studies are updated
throughout the operating year, and guide reservoir operations that produce the planned
power capability while still meeting numerous other operating requirements.

Annual plans are also developed for purposes other than
power. In particular, anadromous fish operations are planned through a Coordinated
Plan of Operation (CPO). The Federal operating agencies work with the fisheries
agencies and tribes to develop the CPO. Another key plan is the Corps annual fish
passage plan, which specifies operations for the juvenile and adult fish passage
facilities.

(2 Annual and Short-Term Operations.

The operation of the Federal system over the year is based on
meeting several related, but sometimes conflicting, objectives. These include: providing
adequate flood storage space for controlling spring runoff; providing sufficient water
levels for navigation, recreation, and fish and wildlife; maintaining an acceptable
probability that reservoirs will refill to provide water for next year's operation; providing
adequate water supply for irrigation; providing flows to aid the downstream migration of
anadromous juvenile fish; and maximizing power generation, within the requirements
imposed by other objectives.

The lead agencies have some flexibility in operating the system
while attempting to meet the diverse and changing needs of the region, based on
information that becomes available over the course of the operating year. Many factors
cause short-term operational adjustments. For example, sometimes more rain causes
higher flows in the fall. This water can be used to produce surplus energy (non-firm
energy), or the water can be left in storage for future use if storage space is available. In
a poor snowpack year, it may be necessary to draft reservoirs to levels jeopardizing
their refill to get enough power to meet firm energy demand in the region or to meet
other obligations. Runoff can be so lot that, about 25 percent of the time, reservoirs in
the system fail to fully refill. When this occurs, optional power sales cease and power
generation is limited to meeting firm power requirements.

The actual operations take place in what is described as "real
time." Decisions must be made in a few hours, days, or at most a few weeks. Operators
regulate the system in an effort to satisfy all the power and nonpower purposes
contained in the annual operating plan. They may need to make decisions to respond to
in-stream conditions for fish or navigation, or to take advantage of an opportunity to
make a profitable power sale. Boating accidents, generator outages, short-term climatic
events, and even the timing of recreational events can influence operational decisions.



4.03. Affected Projects.

Most juvenile salmon originating from the Snake River Basin must make their
way past eight Federal dams and reservoirs (projects) on the lower mainstem Snake
and Columbia Rivers before reaching the Pacific Ocean. Juvenile salmon originating
from the Columbia River (depending on the stream from which they originate) must
make their way past as many as nine projects, four of which are on the lower Columbia
River. The actions considered in the SCS involve only the eight mainstem (run-of-river)
Federal projects on the lower Columbia and Snake Rivers. These projects are Lower
Granite, Little Goose, Lower Monumental, and Ice Harbor on the lower Snake River;
and McNary, John Day, The Dalles, and Bonneville on the lower Columbia River.

These are multi-purpose projects that provide many public benefits in many
different areas. Project facilities include dams and reservoirs, spillways, hydroelectric
powerplants and high-voltage transmission lines, navigation channels and locks,
irrigation diversion and pumps, juvenile and adult fish passage facilities, parts and
recreational facilities, lands dedicated to project operations, and areas set aside as
wildlife habitat. Figure 4-2 shows a plan view of a typical project on the Snake River,
and identifies many of these types of facilities.



Figure 4-2. Key ea"Eu.r of a Typical Run-of-River Project




4.04. Project Purposes and Use.

Each project was constructed under specific Federal authorizing legislation
identifying the major intended uses. Projects were specifically authorized for power
production, navigation flood control, or irrigation. The abundance of water and the
predictability of its use allows a project to support other purposes as well, but only after
its authorized uses are met. Generic Congressional authorization allows for such uses
as water quality, fish and wildlife, recreation, and municipal and industrial water supply.
While the authorizing legislation stipulated intended use, it seldom contained explicit
provisions for operating the individual projects or for their coordinated operation within
the total system. As previously discussed, the Corps is largely responsible for deciding
how to operate their projects based on principles of multiple-use operation, operating
experience, and public concerns. The major uses of the projects are summarized on
table 4-1.

Table 4-1
Authorized Project Purposes
Authorized Project Purposes
Project L L . Flood | Fish and | Water
Hydropower| Navigation {lrrigation jRecreation Control| Wildlife |Quality

ILower Columbia River
[Bonneville X X X X X
The Dalles X X X X X X
John Day X X X X X X
[McNary X X X X X X
[Lower Snake River
Ice Harbor X X X X X
Lower Monumental X X X X X
Little Goose X X X X X
Lower Granite X X X X X

The only project that has flood controlas an authorized project purpose is
John Day. The amount of flood control space is limited, and is used to fine-tune flood
control requirements on the lower Columbia River, particularly in the Portland/
Vancouver area.



4.05. Project Operation.

The current annual operation of the lower Columbia and Snake River
projects is described in detail in the Water Control Manual for each project. The general
objective of project operation is to provide maximum benefits from authorized project
uses when the projects are regulated as a part of the Columbia River Basin integrated
system. To accomplish this objective, the projects are regulated as run-of-river projects,
with primary functions of navigation and hydroelectric power generation. They also
provide the best possible conditions for other project uses (i.e., flood control, fish and
wildlife, recreation, and irrigation). Flood control is not an authorized or planned
function, with the exception of John Day, because of the limited amount of usable
reservoir storage. However, the Lower Granite Project is regulated to assure that the
Corps levees in the Lewiston area are not overtopped.

Each of the projects is operated within a maximum and minimum operation
pool level, and minimum discharge limits (identified for each project in table 4-2). These
projects are operated for power production within these pool level and discharge limits,
as well as in accordance with a working agreement between the Corps and BPA (the
marketing agency for Federally-generated power in the Pacific Northwest). Power
scheduling for the projects is accomplished by BPA in coordination with the Corps
(North Pacific Division). Load factoring may be accomplished by making use of storage
between the minimum and maximum pool levels when the reservoir inflow is less than
powerplant capacity.

Table 4-2
Reservoir Operating Characteristics
Reservoir Minimum Normal Normal
Project Capacity® Operating | Operating |Full Pool

(Acre-Feet) | Pool (Feet) | Pool (Feet) | (Feet)

ILower Columbia River

IBonneville 100,000 7OI 71.5| 77
The Dalles 53,000 155 155 160]
John Day 534,000 257 Varies 268
|McNary 185,000 335 337 340

ILower Snake River

Ice Harbor 25,000 437 437 440
Lower Monumental 20,000 537 537 540
Little Goose 49,000 633 633 638
Lower Granite 49,000 733 733 738

lRepresents pondage between minimum and normal full pool.




4.06. Activities and Programs Related to Anadromous Fish.

a. Overview.

Historically, salmon migrated nearly 1,200 miles up the Columbia
River to Lake Windemere, Canada; and 600 miles up the Snake River to Shoshone
Falls near Twin Falls, Idaho (Lavier, 1976). Dam construction blocked anadromous fish
access to much of the upstream portions of the Columbia and Snake Rivers, along with
their tributaries. The completion of Grand Coulee Dam, in 1941, blocked access to over
500 miles of the upper Columbia River, excluding tributaries. Another 52 miles of the
mainstem (the current upstream limit of salmon and steelhead in the Columbia River)
were lost with the building of Chief Joseph Dam (Lavier, 1976). Over 50 percent of the
originally inhabited mainstem of the Snake River is no longer accessible to anadromous
fish, since Hells Canyon Dam (a non-Federal dam owned and operated by Idaho Power
Company) now limits access to the lower 247 miles of this river. Dworshak Dam blocked
upstream migration on the North Fork of the Clearwater River when it was built in the
early 1970's.

The Corps has developed an extensive array of fishery programs and
facilities at the downstream projects to accommodate anadromous fish migration to and
from the remaining accessible portions of the basin. Some fish facilities were included in
the initial design of the projects, and others have been added as the agencies learn
more about the needs of the species. Facilities and operations designed to benefit fish
include ladders for adults and diversion screens for juveniles; a transportation program
consisting of collection facilities, barges, and trucks for juvenile migration; hatcheries to
supplement wild stocks; and instream flow management for both juveniles and adults.
Research and monitoring programs have been established to guide future actions.
These efforts have evolved over time as project operators have sought to meet specific
needs.

The Pacific Northwest Electrical Power Planning and Conservation Act
of 1980 significantly expanded fish programs in the Columbia River Basin. The Act
created NPPC; and led to its Fish and Wildlife Program to protect, mitigate, and
enhance fish and wildlife. The following paragraphs discuss relevant facilities and
programs that contribute to ongoing regional efforts to improve the status of
anadromous fish runs.

b. Adult Passage.

Fish ladders that allow adult fish to migrate upstream were built during
the original construction of all eight Federal run-of-river projects on the lower Columbia
and Snake Rivers. [The five public utility department (PUD) dams on the mid-Columbia
River also have fish ladders to maintain anadromous fish access to the Wenatchee,
Methow, and Okanogan Rivers.] Each of these projects has from one to three ladders
that operate continuously, except during winter maintenance outages. Storage projects
effectively blocked the upstream migration of anadromous fish, and were not designed
with adult passage facilities.



Bonneville Dam has three fish ladders. The Dalles, John Day,
McNary, Ice Harbor, and Lower Monumental Dams have two fish ladders each. Little
Goose and Lower Granite Dams each have one fish ladder. Adult fish enter a ladder
through collection systems that run along the entire front of a dam's powerhouse, and at
other key locations. Specific flow conditions near the ladder entrances are needed to
attract adult fish into these systems. The attraction water is provided by pumps, small
turbines, or gravity flow from the reservoir behind the dam, depending on the design of
the individual system. Once inside a collection system, the fish swim upstream to the
base of the fish ladder where they migrate up the ladder and exit into the reservoir
above the dam (see figures 4-3 and 4-4). Each ladder contains a fish-counting station
where the fish pass an underwater viewing window, allowing them to be counted and
identified by species.

Turbing
irtake

Orifice

Collection
channel

Figure 4-3. Cross section showing adult and juvenile fish passage facilities



Figure 4-4. Diagram of a typical fish ladder

C. Juvenile Bypass and Transport.

In the early 1950's, the Corps began the Fish Passage Development
and Evaluation Program (FPDEP) to develop methods of safe juvenile fish passage at
the mainstem dams. Regional fish agencies and other experts have cooperated in the
program. These intensive research efforts led to the installation of submersible traveling
screens that steer juvenile fish away from turbine intakes the fish are diverted into
special channels for bypass around the dam or collection for transport downstream by
truck and barge (see figure 4-5).



WERHOUSE |

Figure 4-5. Juvenile fish passage illustration, including collection and transport

Studies indicate that the injury and mortality of juvenile fish can occur
through all routes of passage at dams, but mortality through turbines is usually high
relative to other route of passage (Snake River Salmon Recovery Team, 1993).
Juvenile fish passing directly through the turbine chambers can be killed by rapid
changes in water pressure or by striking turbine blades. Juveniles not immediately killed
are often stunned as they exit the turbine chambers, leaving them susceptible to
predation. All eight lower Columbia and Snake River dams, therefore, have been
equipped with some type of system to bypass downstream migrants through the
powerhouse without passing through the turbines. Six of the projects have screening
facilities to divert juvenile and anadromous fish away from the turbine intakes and
through a bypass system to the tailrace, where they are collected for transport or
released back into the river. The bypass systems at Lower Granite, Little Goose, and
McNary Dams are used to collect fish for the juvenile fish transport program (described
later in this section). The bypass system at Lower Monumental began full operation for
collection and transportation in 1993. The bypass system sat Bonneville and John Day
Dams, projects closer to the Pacific Ocean, discharge fish back to the river below the
projects. Bypass facilities at The Dalles and Ice Harbor Dams, which in the past have
used existing ice-and-trash sluiceways to pass fish, are being designed. They are
scheduled to be operational in 1998. Table 4-3 shows the current construction schedule
for juvenile bypass facilities on the lower Columbia and Snake River dams.



Table 4-3

Construction Schedule for Juvenile Bypass Systems

Holding
Project Bypass 20-Foot Gantry | Extended and
Channel Screens Crane? Screens Loading
Facilities
Lower Granite Complete Complete 1994 1996 1997
Little Goose Complete Complete 1994 1996 Complete
Lower Monumental | Complete Complete 1994 n/a Complete
Ice Harbor 1996 Complete 1996 n/a n/a
McNary Complete Complete | Complete 1995 Complete
John Day Complete Complete n/a n/a n/a
The Dalles 1999 n/a 1998 1995 n/a
Bonneville Complete Complete n/a n/a n/a

1Gantry cranes are required for extended screens.

Before the dams were built in the Columbia River Basin, smolts
migrating downstream generally experienced swift river flows from their hatching areas
to the Pacific Ocean. Since the construction of the projects, juvenile migration takes
longer because smolts must swim through slack water reservoirs as they move
downstream. Longer migration times have been linked to higher predation, increased
disease, and some fish remaining in the reservoirs instead of completing their migration.
To improve the survival of juvenile fish through the system of dams and reservoirs,
NMFS and the Corps, in cooperation with the fish agencies and tribes, developed a
Juvenile Fish Transportation Program. This program began in the early 1970's, with
mass transportation beginning in 177 (Park and Athearn, 1985). Essentially, the
program is a mass-transit system, using barges and trucks to move smolts downriver.
The goal of the program is to increase the smolt survival rate by reducing their migration
time. In 1981, NMFS transferred the operation of the transport program to the Corps,
but continues its involvement (along with state agencies) through the Fish
Transportation Oversight Team.

As described above, screens are used to divert fish into collection
systems for transport at four projects: Lower Granite, Little Goose, Lower Monumental,
and McNary. After being separated from adult salmonids, larger resident fish, and
debris; juvenile fish are either routed directly onto a barge for transport, or into raceways
and held for later transport by truck or barge. Barges, used during peak migration
periods, constantly circulate river water so the smolts can imprint on the chemical
composition of the water, which helps them locate their home stream when they return
as adults. Trucks are used to transport the smaller numbers of smolts collected during
the early and final stages of the season. The transport program operates from April
through October on the lower Snake River, and from April through December on the
lower Columbia River.



As many as 15 to 20 million young salmon and steelhead are
transported each year from the Columbia and Snake Rivers. The NMFS has concluded
that transport is beneficial to Chinook and steelhead under all flow conditions (Matthews
et al., 1992). Nevertheless, within the region there is considerable debate and
disagreement over the benefits of transporting fish and the acceptability of the program.

d. Hatcheries.

Despite the historical abundance of wild runs of salmon and steelhead
in the Columbia River Basin, nearly 75 percent of current runs in the system are of
hatchery stock [Oregon Department of Fish and Wildlife (ODFW) and Washington
Department of Fisheries (WDF), 1991]. The ratio of wild to hatchery fish varies from
species to species. To supplement stocks of wild fish, Federal and state fishery
agencies began raising hatchery stocks of steelhead and salmon and releasing them
into the river system in 1876. Today, over 80 hatcheries producing salmon and
steelhead are located on the Columbia River System (Corps, 1992a). A number of
these facilities were built specifically as mitigation for the effects of the Federal dams on
anadromous fish populations.

Releases of hatchery-raised fish vary from year to year, with numbers
increasing over the last several years. During the 1993 migration year, over 88 million
juvenile salmon is were released from state, Federal, and tribal fish hatcheries into the
system above Bonneville. Releases included stocks of Chinook, coho, sockeye, and
steelhead (see figure 4-6 for a breakdown by species). Over 21 million of this total
represents fish released into the Snake River, while the remaining 67 million fish
originated in the middle and lower Columbia River [Columbia Basin Fish and Wildlife
Authority (CBFWA), 1993]. Like the Juvenile Fish Transportation Program, there is
regional debate concerning the benefits of hatchery-raised fish in the system. Fish
produced in hatcheries are generally not as strong as wild fish. They also seem to be
more susceptible to disease, predation, and other forms of mortality. Some critics of the
hatchery program argue that the proliferation of hatchery stocks is likely to influence the
gene pool of wild stocks. It is generally thought, however, that the recovery of
anadromous stocks to the Columbia River Basin will rely in part on hatchery fish.
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Figure 4-6. Summary of Hatchery Releases by Species for 1992
(Numbers in Thousands). (Source: CBFWA, 1993).

e. Instream Flow Management.
(1) Water Budget.

In addition to physical facilities, operating measures have been
put into effect to protect anadromous fish. One such measure is the Water Budget, in
which water is discharged from storage projects to increase spring and summer flows
for juvenile fish migration in the Snake and Columbia Rivers. The Water Budget was
instituted in 1983, as one of the initial actions in NPPC's Fish and Wildlife Program. The
amount and timing of Water Budget releases are determined annually. Releases from
storage reservoirs are made after considering requests from the Fish Passage Center in
Portland, which represents the fisheries agencies and tribes. The increased flow is
presumed to help flush fish downriver and reduce their exposure to predators and other
hazards in reservoirs. Up to 4.64 MAF of water can be released each spring. The total
Water Budget volume includes up to 1.19 MAF on the lower Snake River, and up to
3.45 MAF on the middle and lower Columbia River. On the Columbia River, Water
Budget flows and releases from Grand Coulee and other upstream storage projects.
There is relatively less storage capacity on the Snake River, and most spring flows
depend on natural runoff. As a result, the high flows depend on natural runoff. As a
result, the high flows cannot be achieved in low runoff years, even with large releases
from storage reservoirs such as Dworshak and Brownlee.



(2 Interim Flow Improvements.

Over the last few years, a number of interim flow improvement
measures in response to the ESA listings of Snake River salmon have been
implemented. The primary measures consist of: provision for an additional 3.0 MAF for
flow augmentation on the Columbia River; an additional 300 thousand AF (KAF) in the
spring and 470 KAF in the summer from Dworshak for flow augmentation; system flood
control shifts from Dworshak and Brownlee to Grand Coulee; operating John Day and
the lower Snake River projects somewhat below normal pool levels during the migration
period; and up to 427 KAF of additional water from the upper Snake River.

@)  Spill.

In 1989, fisheries agencies, Indian tribes, BPA, and others
signed a Long-Term Spill Agreement, which established a plan for spilling water to help
juvenile salmon and steelhead migrating from their spawning grounds to the ocean. The
NPPC Fish and Wildlife Program calls for a 90-percent salmon survival rate at each
dam on the Columbia River by using spill during most of the spring and summer
migration. The spill agreement provides that a specific amount of water be passed over
the spillways of three Corps projects (Ice Harbor, John Day, and The Dalles) in the
spring and summer to protect young fish. When water is spilled, fish are drawn with it,
passing them over the spillways instead of through the turbines. The spill agreement
was adopted as a temporary measure to improve juvenile fish passage for 10 years, or
until permanent juvenile fish bypass facilities (i.e., screens) can be installed at these
dams. Although the Corps did not sign this agreement, the agency considers the spill
requests each year, and has provided spills in each of the last 5 years.

The Water Budget and spill agreement are both instream flow
measures to help fish, but they are quite different. The Water Budget moves fish
between dams, while spill is used to move fish over dams.

(4) Vernita Bar Agreement.

Under an agreement signed in 1988, dam operators provide
certain flow levels from fall to early spring to protect salmon spawning and hatching at
Vernita Bar (below Priest Rapids Dam). This is the last remaining major fall Chinook
salmon spawning area on the mainstem Columbia River. In the past, operators of
Federal projects had informally cooperated to ensure lower flows over Vernita Bar
during the fall spawning period and higher flows in the winter while eggs are incubating.
The Vernita Bar Agreement made formal the efforts by Grant County PUD, BPA, and
others to deliver flows needed to encourage and protect salmon spawning at this
location.



(5) Non-Treaty Storage Fish Agreement.

A portion of the water storage capacity in the reservoir behind
Mica Dam in British Columbia is not covered by the Columbia River Treaty. The BPA
and BC Hydro developed a contract called the Non-Treaty Storage Agreement (NTSA)
to coordinate the use of 4.5 MAF of water storage. The power generating capability
represented by the storage is to be shared equally by BPA and BC Hydro. In October
1990, BPA signed a related agreement with the CBFWA, which represents Northwest
fish and wildlife agencies and 13 Indian tribes. The purpose of the agreement is to
assure, through operating guidelines and regular communication, that use of non-Treaty
storage water will pose no significant risks to fish. The NTSA water has been used at
times in the past few years to meet requests for additional flows to aid fish migration.

(6) Research and Monitoring.

Many agencies and organizations are involved in fishery
research and monitoring programs related to Columbia and Snake River salmon and
steelhead. These efforts encompass the dams and fish passage facilities,
transportation, hatcheries associated with the projects, the reservoirs, and tributary
streams.

The Corps monitors juvenile and adult migration at Corps
dams, conducts or sponsors ongoing research on anadromous fish, and patrticipates in
the research programs of other organizations. The Corps also operates 23 stations
along the river system that monitor dissolved gas levels, which can be harmful to fish.

f. Miscellaneous Fish-Related Actions.

(1) Minimum Discharge.

Minimum project discharge limits ensure the safe passage of
anadromous fish during their migration to spawning grounds. From December through
February, "zero" minimum project discharge is permitted on a limited basis. Under an
agreement between BPA and the fisheries agencies, "zero" river flow is allowed for
water storage during low power demand periods (at night and on week-ends), when
there are few (if any) actively migrating anadromous fish present in the Snake River.
From March through July and August through November, the minimum Ice Harbor
project discharge will be 9,500 and 7,100 cubic feet per second (cfs), respectively, for
power generation and conservation purposes. This minimum discharge is the
approximate design discharge of one power unit operated at the continuous minimum
generation limit of 70 megawatts (MW) at ,500 cfs and 50 MW at 7,500 cfs. From March
through November, the minimum project discharge is 11,500 cfs for power generation
and fishery purposes at the Lower Monumental, Little Goose, and Lower Granite
Projects. This minimum discharge is the approximate design discharge of one power
unit operated at the continuous minimum generation limit of 80 MW.



(2 Spillway Operation.

When spill operations are necessary during the adult fish
passage season (1 March through 31 December), the spillway is operated to pass the
desired discharge with the best practical hydraulic conditions in the vicinity of the fish
ladder entrances. Spillway gates are operated to establish a spill pattern in the tailrace
that aids adult fish in finding ladder entrances.

3 Powerhouse Operation.

As an aid to migrating adult fish, specific turbine units are
operated according to priority schedules. The operation of certain units aids adult fish in
finding ladder entrances. Generally, the power units will be operated to provide the
greatest overall powerplant efficiency. This is in the interest of smooth and efficient
turbine operation, but also provides more satisfactory conditions for any downstream
migrating juvenile fish that pass through the turbines.



Section 5 - Description of Alternatives
5.01. General.

As stated in section 1.03, the objective of the SCS is to define and evaluate
alternatives for improving mainstem passage of juvenile and adult anadromous fish.
Under this major objective, alternatives address one or both of two general sub-
objectives: 1) reduce reservoir-associated mortality; and 2) reduce dam-passage
mortality. Reservoir-associated mortality factors include predation and effects
associated with fish travel time to the estuary (i.e., incidence of disease and
physiological conditioning for transition from freshwater to saltwater environment).
These and other concerns are thought to be fundamental to, or inherent in the
relationships between flow, velocity, fish travel time, and juvenile survival generally
supported in the region, but not well understood. Mainstem reservoir drawdowns, flow
augmentation, and improvements in juvenile fish collection and transportation are the
concepts considered to address this objective (see table 5-1). Dam-related mortality
includes turbine, juvenile bypass system and spillway passage-induced mortality on
juvenile fish, and adult passage mortality. Various system improvements, collection and
transportation options, and mainstem drawdowns are considered to reduce or eliminate
dam-related mortality.

Table 5-1
General Objectives of SCS Phase | Studies
Reduce Reduce Dam
Alternative Reservoir-Associated Passage-Associated

Mortality Mortality
{Lower Snake Reservoir Drawdown X X
John Day Drawdown X
Additional Upstream Storage X

X

Upstream Collection and Conveyance
[System Improvements

X X

Many of the structural and operational alternatives and/or concepts
considered in Phase | were initially identified in the 1990 and 1991 Salmon Summit, and
carried forward in NPPC's Strategy for Salmon. The alternative long-term actions
considered in this study include: 1) annual drawdown of the four lower Snake River
reservoirs; 2) drawdown of John Day reservoir on the lower Columbia River; 3)
development of additional storage in the upper Snake River Basin to support flow
augmentation; 4) constructing an upstream (above Lower Granite Dam) collector facility
and a new conveyance system, such as a migratory canal or pipeline, past the
mainstem dams; and 5) making further improvements to existing systems to aid salmon
migration. These alternatives are described in detail in the following paragraphs.



5.02. Lower Snake River Drawdown.

a. General.

The idea of drawing down reservoirs below design operational levels
during the salmon migration season first surfaced at the regional Salmon Summit
meetings, convened by Senator Hatfield in 1990. The idea was pursued in the NPPC's
Fish and Wildlife Program Amendments.

There are four dam and reservoir projects located on the Snake River between river
miles (RM's) 9.7 and 107.5. The projects are Ice Harbor (RM 9.7), Lower Monumental
(RM 41.6), Little Goose (RM 70.3), and Lower Granite (RM 107.5). The projects were
constructed between 1961 and 1975, and are operated as run-of-river for navigation
and power generation. The maximum lift for the navigation locks and head for power
generation varies from 101 to 105 feet at each project.

The Corps conducted a drawdown test of the Lower Granite and Little Goose reservoirs
on the lower Snake River in March 1992 to measure the physical impacts of drawdown.
The test was purposely conducted when there were few salmon in the river, out of
concern that a test with migrating fish in the system would have harmful impacts on
already troubled salmon stocks.

b. Objective.

Various proposals have suggested changing the current operation of
the lower Snake River projects. These operational changes focus on decreasing the
average water travel time through the reservoirs created by the four lower Snake River
dams. Water travel time has been identified as a possible factor in juvenile fish survival.
The relationship between water travel time, migration time, and fish survival is a general
one, and is not considered to be a quantitative expression. Migration research that
supports this general relationship applies mainly to spring and summer Chinook salmon.
One method suggested for achieving a decreased water travel time involves reducing
the reservoir cross-sectional area by operating the reservoirs at lower water surface
elevations. The proposed operation would occur during the annual juvenile migration
period. Drawdown is considered to be an effort to keep juvenile fish migrating inriver,
thus replacing the need for the existing transportation program. In any event, navigation
would not be possible with lowered reservoir water surface elevations on the Snake
River. Collection and transport from McNary Dam would be possible. However, this was
not evaluated because it was not consistent with the goal of in-river navigation.

C. Operational Drawdown Alternatives.

This paragraph describes the operational drawdown alternatives
under consideration for each of the four lower Snake River projects.

There are three basic types of drawdown options that were used to
develop the array of alternatives:



Variable Pool. This would allow the reservoir surface elevation
to be lowered or raised, depending on river flow or discharge, to
meet flow velocity objectives.

Constant Pool. The reservoir, under drawdown conditions,
would be operated within a 5-foot operating range, similar to the
existing operating condition.

Natural River Flow. To the extent possible, reservoirs would be
lowered to allow the river to flow freely past the dams at the
level of the natural river.

There are several different drawdown levels that could be
examined. These range from normal MOP levels to a complete river bypass of
the dams (near pre-dam river conditions), but there are numerous drawdown
levels that fall between these two extremes. There are various ways each dam's
operation could be modified in order to achieve a particular drawdown pool level.
Under certain proposed drawdown levels, the drawdown condition can be
achieved by passing water through the powerhouse, over the spillway, or both,
depending on river discharge. There are also two different modes of operation
that could occur once the drawdown level is substantially achieved. The pool
level of each project could be maintained at near constant levels (5 feet), or
could be allowed to fluctuate as river flows fluctuate.

Twenty-two different alternatives have been identified as
potential drawdown conditions on the lower Snake River. The alternatives are
defined by the drawdown level, as well as by the features at each dam that would
need to be modified or newly constructed to achieve the drawdown level.

d. Initial Alternative Screening.

To limit the number of drawdown alternatives for which design
and cost information would be required, conceptual designs were screened
based on engineering feasibility, biological e ffectiveness, and acceptability. The
review of biological effectiveness was accomplished by the TAG. Alternatives
that proposed spillway-only operations were found to be not feasible due to the
adverse impact on adult fish passage, associated high dissolved gas levels, and
problems associated with passing juvenile fish over the spillways. Variable pool
alternatives that require turbine operation below existing spillway crest elevations
were eliminated due to unacceptable impacts to turbines, and unacceptable
operational impacts to fish bypass system components.

During initial screening, 12 alternatives were found to be
unacceptable and were eliminated from further study, based on the reasons
identified in the previous paragraph. Ten alternatives, however, were further
evaluated. These 10 alternatives are outlined in the following section. Table 5-2
shows a list of the 22 alternatives initially considered, and identifies those
considered further.



Table 5-2
Initial Screening of Drawdown Alternatives
oo Drawdown Further Study
Alt Description Level (Feet) in Phase |
\Variable Pool--No Powerhouse Operation (Note 1) Eliminated
1 |Existing Spillway Only 28 to 57 Eliminated
2 [Modified Spillway Only 38 to 67 Eliminated
3 [New Low-Level Spillway Only 521t0 76 Eliminated
4 JAuxiliary Regulation Outlet (ARO) Only >76
4A [Natural River Option Near Freeflow Added
ariable Pool With Existing Powerhouse
5 [Existing Powerhouse with Existing Spillway 28 to 57 yes
6 [Existing Powerhouse with Modified Existing Spillway 38 to 67 Eliminated
7 |Existing Powerhouse with New Low-Level Spillway 521t0 76 Eliminated
8 [Existing Powerhouse with ARO >76 Eliminated
ariable Pool With Modified Powerhouse
9 IModified Powerhouse with Existing Spillway 28to 57 yes
10 [Modified Powerhouse with Modified Existing Spillway 3810 67 Eliminated
11 [Modified Powerhouse with New Low-Level Spillway 52t0 76 Eliminated
12 [Modified Powerhouse with ARO >76 Eliminated
Constant Pool with Existing Powerhouse
13 |Existing Powerhouse with Existing Spillway 33 yes
13A|Existing Powerhouse with Existing Spillway--Lower 33 yes
Granite Only
14 [Existing Powerhouse with Modified Existing Spillway 43 yes
15 [Existing Powerhouse with New Low-Level Spillway 52 yes
16 [Existing Powerhouse with ARO 52 Eliminated
Constant Pool with Modified Powerhouse
17 [Modified Powerhouse with Existing Spillway 33 yes
18 [Modified Powerhouse with Modified Existing Spillway 43 yes
19 [Modified Powerhouse with New Low-Level Spillway 52 yes
20 [Modified Powerhouse with ARO 52 Eliminated

Note 1. A 57-foot drawdown represents an upstream pool at a level equal to the existing spillway crest at
Lower Granite Dam.

e. Alternatives Considered Further.

The ten alternatives that were not eliminated during the initial
screening process are shown in Table 5-1. The reservoir pools would be operated at a
drawdown level during the juvenile fish outmigration from 15 April through 15 June, or
from 15 April through Labor Day. Pools would be returned to normal operating levels for
the rest of the year.



(1) Alternative 4A--Natural River Option.

This concept would produce the most extreme drawdown
operation of any of the alternatives considered in this study. For river flows of 20,000
cfs, the total drawdown below normal maximum pool levels would be approximately 115
at Lower Granite, 114 feet at Little Goose, 108 feet at Lower Monumental, and 97 feet
at Ice Harbor Dam. It consists of installing a river bypass structure and channel around
each of the four lower Snake River dams. The structures would allow the pools to be
lowered, and divert the river around each dam in an effort to achieve a near free-flow
river condition. Powerhouse, spillway, and navigation lock operations would cease
during the drawdown period. The bypass structures would be designed so that the
velocities through the structures are acceptable (less than an average of 9 feet per
second) for adult fish passage during river flows up to 225,000 cfs.

(2)  Alternative 5--Existing Powerhouse and Existing
Spillway - Variable Pool.

This concept would produce variable pool operation with
drawdown levels up to 57 feet at Lower Granite, Little Goose, and Lower Monumental
Dams; and up to 49 feet at Ice Harbor Dam. The existing powerhouses would be
operated to their hydraulic capacity, at pool levels not less than the corresponding
existing spillway crest elevations. Flows in excess of powerplant capacity would pass
uncontrolled (no gate control) over the spillway. The forebay water surface elevations
would fluctuate above the spillway crests, depending on river discharge, and the flow
would be split between the powerhouse and the spillways.

The hydraulic capacity for the Ice Harbor powerhouse,
operating at spillway crest pool elevation (391), has been estimated to be about 62,000
cfs. At Lower Monumental, Little Goose, and Lower Granite Dams, operating with pool
levels at spillway crest elevations of 483, 581, and 681, respectively, the powerhouse
hydraulic capacity has been estimated to be about 86,000 cfs. (Note: Hydraulic
capacities of powerhouses operating at spillway crest elevations are estimates.
Additional studies will be required to refine these estimates. Better estimates will cause
corresponding adjustments to numbers presented in the following discussions.)

As the river discharge increases, the pool elevation will
increase. The approximate total pool elevation increases, as the river flow increases
from 62,000 to 225,000 cfs, is about 19 feet for the Ice Harbor pool and 20 feet for the
other three projects. At this level (225,000 cfs), the powerhouse hydraulic capacity
increases approximately 20 to 25 percent.



(3) Alternative 9--Modified Powerhouse and Existing
Spillway - Variable Pool.

This alternative is the same as alternative 5, except for the
powerhouse modifications. Operating existing turbine/generator units at low heads
causes a loss in operating efficiency. This occurs because the turbines were designed
and built to have peak efficiency at, or near the heads they would be operated at most
of the time. Low efficiency operation due to lower heads can be mitigated wholly, or in
part, in various ways. For this study, it was assumed that the installation of new turbine-
runners would be the option of choice. New turbine-runners can be designed that will
operate at peak efficiency at a lower head. The blades can be made of stainless steel
and the discharge ring overlaid with stainless steel, thereby improving cavitation
resistance. Utilizing existing units, efficiency would decrease an average of 5.3 percent.
[This assumes that no screening systems, such as submerged traveling screens
(STS's), are in place. It is unknown how STS's affect turbine efficiencies.]

(4)  Alternative 13--Existing Powerhouse and Existing
Spillway - Constant Pool.

This alternative proposes a drawdown operation of 33 to 38
feet below normal maximum pools at Lower Granite, Little Goose, and Lower
Monumental Dams; and a drawdown of 25 to 30 feet below normal maximum pool at Ice
Harbor Dam. During the drawdown operating mode, the drawdown pool levels will be
maintained at a near constant level (5-foot pool fluctuation).

Water would pass through existing turbines until the hydraulic
capacities of the powerplants are reached. River flows in excess of plant hydraulic
capacity would then pass over the existing spillways. At these drawdown levels, spill in
excess of powerhouse hydraulic capacities could be controlled by existing spillway
gates. At the 33-foot drawdown level, the hydraulic capacity of the powerplants at Lower
Granite (pool elevation 705), Little Goose (pool elevation 605), and Lower Monumental
(pool elevation 507) is estimated to be 80,000 cfs at the 25-foot drawdown level (pool
elevation 415).

The combined hydraulic capacity at each project of existing
powerhouses and spillways at pool levels 24 feet above existing spillway crests is
estimated to be 225,000 cfs, assuming spillway gate control is maintained.

(5)  Alternative 13A--Existing Powerhouse and Existing
Spillway - Constant Pool, Lower Granite Only.

This alternative describes the necessary modifications,
schedules, and costs associated with a 33- to 35-foot near constant pool drawdown (5-
foot fluctuation) at Lower Granite Dam only.



(6) Alternative 14--Existing Powerhouse and Modified Existing
Spillway - Constant Pool.

This alternative proposes to operate the four lower Snake River
dams and reservoirs at a level 43 to 48 feet below normal maximum pool levels at
Lower Granite, Little Goose, and Lower Monumental Dams; and 35 to 40 feet below the
normal maximum pool level at Ice Harbor Dam. To achieve this drawdown level, the
existing spillways would be modified by lowering the crests 10 feet. The powerhouses at
each lower Snake River dam would be operated to their hydraulic capacity, with excess
water passing over the modified existing spillways. During the drawdown operating
mode, the drawdown pool levels would be maintained at a near constant level (5-foot
pool fluctuation). The reservoir pools would be operated at a drawdown level during the
juvenile fish outmigration from April 15 through June 15 or from April 15 through Labor
Day. Pools would be returned to normal operating levels for the rest of the year.

At the 43-foot drawdown pool levels, the powerplant hydraulic
capacity at Lower Granite (pool elevation 695), Little Goose (pool elevation 595), and
Lower Monumental (pool elevation 497) is estimated at 97,000 cfs. The capacity of the
Ice Harbor powerplant is estimated at 73,000 cfs at the 35-foot drawdown level (pool
elevation 405).

The combined hydraulic capacity of existing powerhouses and
modified spillways at the drawdown pool levels (24 feet above the spillway crests) is
estimated to be 225,000 cfs, assuming that spillway gate control is maintained.

(7)  Alternative 15--Existing Powerhouse With New Low-Level
Spillway - Constant Pool.

This alternative proposes a drawdown operation of 52 to 57
feet below normal maximum pools at Lower Granite, Little Goose, and Lower
Monumental Dams; and a drawdown of 43 to 48feet below normal maximum pool at Ice
Harbor Dam. To achieve this drawdown level, new low-level spillways would be
constructed at each dam. The powerhouses at each lower Snake River dam would be
operated to their hydraulic capacity, with excess water passing over the new low-level
spillways. During the drawdown operating mode, the drawdown pool levels will be
maintained at a near constant level (5-foot pool fluctuation).

At the 52-foot drawdown pool levels, the powerplant hydraulic
capacity at Lower Granite (pool elevation 686), Little Goose (pool elevation 586), and
Lower Monumental (pool elevation 488) is estimated to be 90,000 cfs. The capacity of
the Ice Harbor powerplant is estimated to be 67,000 cfs at the 43-foot drawdown level
(pool elevation 397).

The combined hydraulic capacity at each project of existing
powerhouse and modified spillways at the drawdown pool levels is estimated to be
about 225,000 cfs, assuming spillway gate control is maintained.



(8) Alternative 17--Modified Powerhouse and Existing
Spillway - Constant Pool.

This alternative is the same as alternative 13, except for
powerhouse modifications, as described for alternative 9.

(9)  Alternative 18--Modified Powerhouse and Modified Existing
Spillway - Constant Pool.

This alternative is the same as alternative 14, except for the
powerhouse modifications described above for alternative 9.

(10) Alternative 19--Modified Powerhouse With New Low-Level
Spillway - Constant Pool.

This alternative is the same as alternative 15, except for the
powerhouse modifications described above for alternative 9.

5.03. John Day Reservoir Drawdown.

\The drawdown of the John Day Project reservoir, to elevation 257 (MOP
level), is addressed in NPPC's Strategy for Salmon. This operation would be in effect
each year from May 1 to August 31. Lowering the pool levels at the John Day project is
being considered as a means of improving the downstream migration of juvenile fish.
Normal operating pool level during this period varies, but is about elevation 265. Since
the Salmon Summit, an operation at "minimum operating pool" (defined as the lowest
level the pool can be operated without impacting irrigation pumping stations) has been
employed. This level is elevation 262.5 or higher, as required.

The objective of the drawdown is to increase river velocities so that the travel
time currently required for smolts to transit the river system to the ocean is reduced.
Travel time has been identified as a possible factor in smolt survival, and it is generally
believed that a reduction in travel time will increase smolt survival.

This evaluation will examine the effects the proposed change in operation
would have on juvenile migrants, as well as the impacts to the environment and other
uses of the reservoir. Evaluation of the potential effects will involve the examination of
the body of information regarding flow/survival relationships, and employ existing
modeling techniques to attempt to quantify the potential effects.

Potential impacts of the operation include existing project flood control,
hydropower, navigation and fish passage facilities and/or operations, recreation
facilities, agricultural irrigation pumping stations, groundwater and other water supplies,
fish hatcheries, resident fish and wildlife habitat, cultural resources, and others.



A preliminary evaluation of alternative measures, and costs to mitigate
impacts and restore use of the facilities to normal operational capacities and service,
will be made. For irrigation pumping stations, an alternative to construct irrigation canals
will be examined in lieu of modifying the impacted stations. Year-round operation at
MOP has been suggested as a potential measure to mitigate the environmental effects
of the proposed 4-month drawdown. This option will also be examined.

5.04. Additional Upstream Storage--Snake River Basin.

Analysis of additional storage in the Snake River Basin is included in the
SCS in order to provide a comprehensive assessment of potential measures for
improving flow (flow augmentation) and salmon survival in the lower Snake River. The
objective of flow augmentation is to increase water velocity in an effort to decrease fish
travel time to the estuary. Theoretically, this will reduce reservoir-related mortality. The
analysis was conducted as a separate study, with the Bureau of Reclamation as the
lead Federal agency, in specific response to a request by NPPC. The NPPC request for
the study is contained in NPPC's Phase One Regional Salmon Program for 1991, as
follows:

Beginning in 1991 the Bureau of Reclamation, the States of Idaho
and Oregon, the Northwest Power Planning Council, and other
appropriate agencies will participate in a cooperative appraisal of
the potential for additional Snake River Basin Storage dedicated
to increasing the volume of regulated water supplies available to
enhance lower Snake River flows for salmon migration. The effort
would identify sites and evaluate their engineering, hydrology,
economic, and environmental aspects. The study will be cost-
shared with other regional interests. If results are positive, detailed
studies could follow.

The Bureau of Reclamation initiated work on the storage appraisal study in
late 1991 with the formation of an appraisal study work group with representatives from
water-user organizations, fish and wildlife agencies, and other State and Federal
agencies. Potential storage sites were identified and study procedures, including site
screening criteria, were developed by the study work group. In addition, the study work
group reviewed interim and final results of the study. Technical studies were completed
by the Bureau of Reclamation and the Corps.

The work group completed the inventory of potential sites in July 1992. The
work group then screened potential sties, based on institutional constraints that would
prevent development. These constraints included wild and scenic river status, location
within a state or national park, and substantial impact to resident fish spawning and
rearing habitat. Further screening was then accomplished based on the results of
analyses of water supply and site development costs. Following this final screening, the
remaining sites were evaluated for their effects on the survival of juvenile salmon and
system power costs.



The Bureau of Reclamation submitted the final report on the study to NPPC
in February 1994. Study procedures and findings are summarized in section 6.04, of
this report, and additional detail is presented in Appendix C, Additional Snake River
Basin Storage.

5.05. Upstream Collection and Conveyance.

Upstream collection and conveyance of downstream migrating salmon and
steelhead is addressed in NPPC's Strategy for Salmon. Several options for collecting
and transporting downstream migrants are examined, including alternative collection
and diversion sites and transportation methods.

The collection facilities would divert juveniles from the river into holding
facilities for barge or net pen transport, or for bypass to a channel or pipe transportation
system that would carry the fish below Bonneville Dam. The collection concepts
identified include constructing one or more new collection facilities upstream of Lower
Granite Dam (near Lewiston, ldaho, and Clarkston, Washington) for juveniles, and the
diversion point for a bypass channel/pipe.

By collecting juvenile fish at the upper end of the Lower Granite reservoir and
transporting them to below Bonneville Dam, both reservoir and dam passage-related
mortality can be eliminated.

Alternative conveyance methods that will be considered include an open
canal or pressure pipeline along the river shoreline, an underwater/floating pipeline, and
barges.

The migratory canal concept was suggested at the Salmon Summit.
Following the summit, a migratory canal committee was formed. Several meetings were
held, and were attended by regional interests. The committee formulated some
preliminary concepts for this alternative. In addition, information developed by the Idaho
National Engineering Laboratory (NEL) for the floating pipeline was incorporated.

5.06. Existing System Improvements.

The existing system improvements have been broken down into two
separate categories. The first category includes the lower Snake River projects and
McNary Project on the lower Columbia River. These projects are operated by the Walla
Walla District. The second category includes the remaining projects on the lower
Columbia River, which are operated by the Portland District.

This element of the study defines and evaluates potential improvements to
existing systems (both adult and juvenile) that may enhance fish survival by reducing
dam passage-related mortality or stress caused during transportation. It was limited to
those measures not currently scheduled for implementation.



a. Lower Snake River and McNary.

1) General.

This section addresses system improvements for the lower
Snake River. These modifications include actions identified by the NPPC in their
Strategy for Salmon, as well as improvements identified by the Corps. The
improvements on the lower Snake River have been grouped into five specific
categories: 1) juvenile passage facilities; 2) adult passage facilities; 3) barge transport;
4) hatchery modifications; and 5) other dam modifications.

(2) Juvenile Facilities.

Potential juvenile facility improvements are identified in NPPC's
Strategy for Salmon by Corps personnel. The ongoing studies to evaluate these
improvements include the following:

Evaluate the installation of dispersed release structures at
juvenile bypass facility outfalls, or utilize barges/net pens for
dispersed release. In addition, dispersed release at
Bonneville Dam, for juvenile fish transported by truck from
the Lower Snake River projects, was examined.

Examine extended length screens at the Lower Monumental
and Ice Harbor Projects for improved fish guiding efficiency
(FGE).

Investigate the construction of a new flume transport system
at Lower Granite Dam similar to those found at Little Goose,
Lower Monumental, and McNary Dams. The new flume
transport system would replace the existing pressure pipe
system.

Evaluate the possibility of improving surface flow conditions
in order to collect smolts located in the top portion of the
pools (near the dam).

(3) Modification of Transport.
Potential barge transport improvements include the following:
Examine the use of net pens, rather than barges.

Investigate the installation of refrigeration units for collecting
transport vessel water.

Evaluate larger exits for juvenile fish barge releases.



Examine the use of additional fish barges to aid in reducing
transport densities of juvenile fish and the associated stress,
reduce forced bypass, and improve direct loading
capabilities. The size and number of barges needed will be
determined in consultation with the TAG and other fisheries
interests. In addition, the need to replace the existing
23,000-pound capacity barges with larger ones was
assessed.

4) Adult Facilities.

Potential adult facility improvements are identified in NPPC's
Strategy for Salmon. They include the following:

Evaluate the potential for reducing water temperatures in
adult ladders. Shading, sprinkler systems, bubbler systems,
and pumping cooler water from the forebay are possible
alternatives.

Investigate the possibility of installing additional collection
channels and ladders at the lower Snake River projects to
reduce the delay of adult fish during spill operations.

Examine the addition of more attraction water to existing
ladder and collection systems as a possible enhancement to
adult fish passage conditions.

Examine the possibility of adding vertical slot ladder controls
to ladder exits at McNary Dam.

(5) Hatchery Modifications.

Hatchery modifications have been added in an effort to improve
the quality of hatchery-reared salmon. By improving hatchery fish quality, there could be
a decrease in the negative impacts on wild juvenile salmonids (primarily competition).
The following improvements will be evaluated:

Investigate the installation of gravity-fed, truck-loading
capability for smolts in order to improve fish conditions.

Evaluate the use of additional raceways, or other
containment facilities, to reduce fish densities.



b. Lower Columbia River.

In addition to NPPC's Fish and Wildlife Program measure to permit
drawdown of the John Day reservoir to MOP, there are a number of project
modifications with the potential to enhance the passage survival of migrating adult and
juvenile salmonids. Some of these improvements relate to specific measures addressed
in the NPPC's Phase Two Amendments. Others were identified through coordination
with regional fishery agencies and Tribes.

This section identifies those possible improvements from the
screening process that were selected for study at projects operated by the Portland
District. Existing system improvements to be evaluated for possible increases in
passage survival were screened to eliminate those measures currently being studied,
including Project Improvements for Endangered Species (PIES), and research projects
under the Corps' FPDEP. Also, programs normally funded through the Corps' operation
and maintenance (O&M) procedure were not included.

Q) Extended-Length Screens at John Day.

Evaluate the benefits of installing extended-length turbine
intake guidance screens to intercept a greater depth of water entering the turbine
intakes. This will presumably intercept a larger percentage of downstream migrant
salmonids, increase FGE, and increase project survival. Also included in this analysis is
the identification of a prototype test program, and post-construction evaluation of project
survival and biological benefits.

(2)  Juvenile Transportation at John Day.

Evaluate the possible transportation of downstream migrants to
shorten in-river travel time and avoid bypass predation and reservoir mortality at the two
downstream projects (The Dalles and Bonneville).

(3) Juvenile Bypass Outfall Locations at Bonneuville.

Evaluate existing juvenile bypass system (JBS) outfalls; and
research possible improvements through relocation of the outfalls. Documentation of
existing baseline data is provided to assess problems with passage survival through
these systems (Bonneville first and second powerhouses). This study includes a
definition of various strategies and fisheries criteria developed since the completion of
these facilities.

4) Bonneville First Powerhouse.

Evaluate the potential to improve Bonneville first powerhouse
FGE. Increased FGE will guide a larger percentage of downstream migrant juvenile
salmonids away from turbine passage, and increase project passage survival.



(5) Turbine Passage Survival.

Evaluate the potential to make improvements to the turbines.
Identify to increase passage survival. Identify potential areas of study with regard to the
casual agents of mortality to juvenile fish passage through the turbine environment.

(6) Spill Patterns/Flip-Lips at John Day.

Evaluate the potential to modify spill patterns at John Day to
optimize operations to improve adult and juvenile passage and survival. Included in this
analysis is the evaluation of adding flip-lips to the John Day spillway to decrease
potential gas supersaturation resulting from high levels of spill.

(7 Analysis of Juvenile Downstream Migrant System (DSM)
Facilities at Bonneville First and Second Powerhouses.

This study investigates the potential to improve DSM facilities
at both powerhouses. Baseline passage survival data is reviewed and possible options
as well as ranges of benefits, are presented. Changes since the construction of these
facilities in JBS fisheries criteria are addressed, and improvements are evaluated for
possible benefits in passage survival.

(8) TheJBS Outfall Release Alternative (Short-Haul Barging)

Evaluate an alternative strategy (short-haul barging) to fixed,
single-site juvenile bypass outfall release locations. This study is conceived as a
potential outfall/release strategy to decrease indirect mortality at, and near, the JBS
outfall release site.

9) Bonneville Package Analyses.

Two package analyses were conducted. Package A includes
improvements to both powerhouse DSM's, Bonneuville first powerhouse FGE, and the
relocation of both outfall sites. Package B includes improvements to both powerhouse
DSM's, Bonneuville first powerhouse FGE, and short-haul barging.

5.07. Other Alternatives.

a. General.

Because of ongoing work within the region to identify measures and
develop plans that promote the recovery of anadromous fish runs in the Columbia River
basin, the SCS process has been designed to allow the addition of new alternatives.
One new alternative, a proposal to construct diking systems within reservoirs to
increase flow velocity, was identified. It will be addressed during the completion of
Phase | studies. A brief description of this concept is presented below.



b. Montana Plan--Reservoir Diking Systems for Salmon Recovery.

A potential alternative to reservoir drawdown, that would improve
conditions for migrating salmon without the serious impact to other river users, is a
reservoir diking system. Dikes or levees, built in shallow portions of the reservoir, would
reduce the cross-sectional area of the reservoir pool and increase flow velocity.

Reservoir drawdowns reduce area by lowering the elevation of the
pool and making the pool shallower. Dikes reduce the cross-sectional area by
encroaching on the affected flow area from the sides. This results in a narrower flowing
section of water. Unlike major drawdowns, dike systems allow limited elevation changes
without dewatering shoreline areas.

This concepts was proposed by the staff at the Montana office of
NPPC. Detailed information about the concept and the analysis of this alternative is
contained in the report, Reservoir Diking Systems for Salmon Recovery, written by
Pacific NPPC, Montana, in November 1992. The analysis was conducted by the
Montana office of NPPC and the Montana Department of Natural Resources, using data
provided to them by the Corps, Walla Walla District.



Section 6 - Evaluation of Alternatives

6.01. Overview.

a. General.

This section presents a summary of preliminary estimates of
anticipated physical, environmental, and economic effects associated with the
implementation of the alternatives discussed in section 5. Where appropriate, mitigation
opportunities are also identified. This information is used as the basis for comparison of
the alternatives. The information presented in this section has been extracted from
technical reports prepared for each oft he alternatives, as discussed in section 5. These
technical reports have been attached to this report as appendixes A through F.

b. Assumptions and Procedures for the Analysis of Economic
Impacts.

Q) General.

The Federal objective of water and related land resources
projects planning is to maximize contributions to National Economic Development
(NED), consistent with protecting the Nation's environment; pursuant to national
environmental statutes, applicable executive orders, and other Federal planning
requirements. Contributions to NED are increases in the net value of the national output
of goods and services, expressed in monetary units. The strict use of the NED analysis
was not considered for the following reasons: 1) economic values have not been
established for threatened or endangered species; 2) potential benefits to anadromous
fish were estimated in terms of a percent change in survival of juvenile fish; and 3)
without project conditions (i.e., what would happen between the present time and the
time by which the various alternatives could be implemented) for anadromous fish was
not estimated. However, costs and benefits foregone for existing project functions
(opportunity costs) will be evaluated from a NED perspective.

(2)  Assumptions and Procedures.

The analysis of economic impacts, which includes
implementation costs and impacts to other river users, was made using the following
assumptions and procedures:

The price level for estimates of implementation costs is
October 1992.

Annual costs are computed using an interest rate of 8
percent.

The period of analysis for all alternatives is 100 years.



Interest during construction is added to construction costs
for all expenditures that occur prior to the time an alternative
would be put into operation.

Construction expenditures are assumed to occur in equal
amounts during each year of the construction of an
alternative, with each year's expenditure occurring at the
mid-point of the year.

The annual cost of maintenance, operation, and
replacement of capitol equipment is added to annual
investment costs to obtain total annual costs.

(3) Comparability of Economic Costs.

Economic costs and benefits presented in this report do not
account for differences in the implementation timing of the alternatives. This difference
spans almost two decades, with some system improvements being implementable
within 1 or 2 years, while some of the drawdown alternatives would take about 17 years
to implement, following completion of feasibility-level (Phase Il) studies and
Congressional authorization and funding. As a result, costs are not comparable from an
economic analysis viewpoint, and should only be used to identify the relative magnitude
of costs of the alternatives.

C. Consideration of Uncertainty.

Findings, conclusions, and recommendations presented in this report
are subject to a great deal of uncertainty, particularly with respect to potential impacts
on anadromous fish. Additional data on the biological effects of the alternatives is
needed to resolve this uncertainty. Research on the actual level of the survival of
anadromous fish in the lower snake River is on-going through cooperative studies
involving NMFS, BPA, the Corps, and others. These studies address reservoir survival,
dam passage survival, the FGE of existing bypass systems, and travel time. Also, a
biological drawdown test of lower Snake River reservoirs is in the planning process.
Other planned studies include the analysis of turbine performance under drawdown and
modified entrance conditions, and research on improved (from a fish-passage
standpoint) turbine designs. Additional studies are needed to resolve uncertainties
regarding reservoir and dam passage survival at other projects in the system, especially
at John Day. Results from ongoing and planned studies could change the findings,
conclusions, and recommendations of the preliminary study.



6.02. Lower Snake River Drawdown.

a. General.

A complete analysis of this alternative can be found in appendix A,
Technical Report - Lower Snake River Drawdown . This technical report accomplishes
the following purpose: 1) identifies and evaluates the technical feasibility of alternative
long-term modifications to lower